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CHAPTER  1 


Perspectives  for  Protective  Action 

1.0  Introduction 

In  emergency  proper edness  planning  for  e  nuclear  incident  with 
potential  for  expoelng  the  general  public  to  harnful  radiation, 
public  health  officials  require  criteria  to  determine  the  need  for 
protective  actions  and  for  choosing  appropriate  protective  actions. 

ERA  Is  responsible  for  providing  these  criteria  and  for  assisting 
the  States  in  preparing  emergency  response  plans  to  lnplsnent  these 
criteria. 

After  a  nuclear  Incident  occurs,  an  estimate  Is  node  of  the 
radiation  dose  which  affected  population  groups  nay  potentially  receive. 
This  dose  satinets  la  called  the  projected  dose.  A  protective  action 
Is  an  action  taken  to  avsld  or  reduce  this  projected  dose  when  the 
benefits  derived  from  such  action  are  sufficient  to  offset  any 
undesirable  features  of  the  protective  action.  The  Protective  Action 
Quids  (PAG)  is  the  projected  dose  to  Individuals  la  the  population 
which  warrants  taking  protective  action. 

A  Protective  Action  Guide  cmdSr  no  clrcunstaaces  Implies  an 
acceptable  dose.  Since  the  PAG  Is  based  on  a  projected  dose.  It  Is 
used  only  In  an  as  post  facto  effort  to  minimise  tbs  risk  from  an 
event  which  is  occurring  or  has  already  occurred. 
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Exposures  to  populations  froa  an  Incident  nay  wall  be  above 
acceptable  levels,  la  an  absolute  sense.  However,  since  tbs  event 
bas  occurred,  FACs  should  be  laplaesnted  to  saallorata  the  lepact 
on  already  exposed  or  yet-to-be  exposed  populations. 

On  this  basis  there  is  no  direct  relationship  between  acceptable 
levels  of  societal  risk  and  Protective  Action  Guides.  PAGs  balance 
risks  and  costs  against  the  benefits  obtained  froa  protective  action, 
assunlag  that  the  projected  threat  will  transpire.  The  responses 
aada  in  a  given  situation  should  be  based  on  PAGs  and  the  spectnm 
of  possible  protective  actions  available  at  that  tlae. 

1.1  The  Heed  for  Planning 

Within  tbs  general  fraaswork  of  providing  nswlana  health  protec¬ 
tion  for  an  endangered  public,  the  public  official  charged  with  re¬ 
sponse  to  a  hazardous  situation  any  be  faced  with  a  unbar  of  decisions 
which  nut  be  aada  in  a  short  tiae.  A  uaber  of  possible  alternatives 
for  action  asy  be  available,  but  the  inforaatlon  needed  to  select  the 
optlaua  alternative  asy  not  be  available.  In  those  situations  where 
a  public  official  aust  rapidly  select  the  best  of  several  alternatives, 
it  is  helpful  if  the  nuaber  of  decision  points  can  be  reduced  during 
die  accident  response  planning  phase. 

The  efforts  of  planning  activities  can  usually  be  based  on  the 
need  for  lull  its  response.  Therefore,  the  objective  is  to  ainlalze 
the  lumber  of  possible  responses  so  that  resources  era  expended  only 
on  viable  alternatives  in  mmrgsncy  situations.  During  planning  it 
is  possible  to  assess  value  judgnents  and  dsteraina  which  steps  la 
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response  are  not  required ,  which  atopo  can  ba  anawarad  on  tha  basis 
of  prior  judgments,  and  which  remain  to  be  decided  in  an  actual 
emergency.  Prom  this  exercise,  it  is  then  poesible  to  devise  a 
eat  or  several  sets  of  operational  plana  which  can  be  called  out  to 
anewer  the  spectrum  of  hazardous  situations  which  msy  develop. 

In  the  ease  of  an  accident  at  a  nuclear  reactor,  a  hazardous 
situation  could  develop  which  msy  have  public  health  Implications 
over  a  large  area  with  diverse  populations  end  population  denaitias. 
Probably  little  time  will  be  available  to  make  decisions.  Tha 
availability  of  "action  guides"  based  on  advance  planning  will  facili¬ 
tate  rational  decisions  in  emergency  situations.  During  the  planning 
stage,  tha  responsible  public  official  oust  consider  the  total  range 
of  possible  release  scenarios  and  consider  in  each  what  goals  are 
achievable  keeping  In  mind  both  fiscal  and  societal  costs.  Because 
of  this  knowledge  of  local  conditions,  he  will  be  aware  of  any  con¬ 
straints  which  may  restrict  his  scope  of  response,  such  as  specific 
Industries,  institutions,  traffic^  patterns,  etc.  He  will  than  be  able 
to  select  the  optimum  response  for  each  situation. 

1.2  nature  of  Protective  Action  Guides.  Protective  Action,  end  Restorative 
Action 

Protective  Action  Guides  are  the  numerical  projected  doses  which 
act  as  trigger  points  to  initiate  protective  action. 

PAGe  must  be  provided  for  three  broad  pathways  of  radiation 
exposure: 

(1)  Exposure  fra  airborne  radioactive  releases.  This  type  of 
exposure  could  occur  within  a  short  period  following  an 
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incident  as  a  result  of  Inhalation  of  radloaetlva  aatsrtals 
or  from  external  whole  body  expo aura. 

(2)  Expo sura  through  tha  food  chain.  Thla  expo aura  will  ba 
from  lngaatlon  of  contanlnatod  foodstuff  and  watar.  It 
■ay  ecaBsace  shortly  af tar  tha  paaaaga  of  alrborna  radio- 
active  aatarlala  and  nay  continue  for  a  long  or  short 
tins  depending  on  tha  radionuclides  involved. 

(3)  Exposure  from  radioactive  aatarlala  deposited  on  the  ground. 
Bare  we  are  dealing  with  a  change  In  background  radiation 
levels,  and  exposure  pathways  nay  include  Inhalation, 
Ingestion,  and  external  whole  body  exposures. 

Different  PACa  aust  be  developed  for  each  pathway  of  exposure 
since  different  criteria  of  risk,  cost,  and  benefit  are  Involved. 

Bach  exposure  pathway  would  involve  different  seta  of  protective  or 
restorative  actions  as  Indicated  la  table  1.1.  Each  action  Hated 
applies  to  the  general  population  except  for  prophylaxis,  respiratory 
protection,  and  protective  clothing.  These  actions  would  primarily 
apply  to  asergsney  workers. 

Exposure  to  the  airborne  plune  la  related  to  tha  duration  of  a 
release  Into  the  ataosphera.  While  release  durations  as  long  as 
30  days  or  aore  era  theoretically  possible,  for  esargency  purposes, 
release  durations  of  a  few  hours  up  to  a  few  days  are  aore  realistic. 
Protective  action  to  be  taken  for  this  pathway  aay  Include  any  or  all 
of  tha  following: 
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Table  1.1  Ezpoaura  Pathway*  and  Appropriate  teaponaea 


(1)  evacuation, 

(2)  respiratory  protactlon, 

(3)  shelter, 

(4)  prophylaxis  (thyroid  protection),  and 

(5)  controlled  access. 

Restorative  actions  would  than  Include: 

(1)  reentry  first  by  survey  and  decontamination  teams, 

(2)  removal  of  respiratory  protection, 

(3)  exit  from  shelters, 

(4)  stopping  prophylactic  measures,  and 

(5)  allowing  free  access  by  the  population. 

Exposure  through  rhe  food  chain  may  be  either  short  term  or 
depending  on  the  characteristics  and  half-lives  of  the 

involved.  Control  of  this  pathway  of  exposure  would 

be  by: 

(1)  control  of  access  to  contaminated  animal  feeds, 

(2)  decontamination  of  certain  foodstuffs, 

(3)  diversion  and  storage  to  allow  decay  of  short  half-life 
radionuclides,  and 

(4)  destruction  of  contaminated  foods. 

Exposure  from  materials  deposited  on  the  ground  might  also  be 
ther  short  term  or  chronic  depending  on  the  radionuclides  involved. 
Protective  actions  would  Include: 
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(1)  evacuation,  and 

(2)  controlled  aceaaa. 

Since  the  problem  for  ground  contamination  involves  an  „  crease 
in  background  levels,  denial  of  access  night  continue  for  extended 
periods  of  time.  Decontamination  may  then  be  the  only  action  which 
will  allow  free  access  to  and  utilisation  of  contaminated  areas  within 
a  short  time.  Restorative  actions  would  be  reentry,  decontamination, 
and  lifting  of  controls. 

The  PAGs  are  to  provide  standardised  criteria  for  selecting 
predetermined  actions  at  the  sacrifice  of  some  flexibility  in 
balancing  the  risk  of  health  effects  versus  the  effects  of  protective 
actions  during  sn  emergency.  The  loss  of  flexibility  in  response  la 
expected  to  be  within  the  limits  of  accuracy  of  determining  the 
factors  involved.  The  loss  of  flexibility  is  also  offset  by  the 
advantage  of  being  able  to  respond  to  the  ltmwdiacy  of  the  risks  in 
the  case  of  an  emergency. 

The  range  of  PAG  values  allows  consideration  for  local  constraints 
during  planning  for  Implementation.  PAGs  should  be  assigned  for  each 
site  to  assure  that  local  constraints  are  properly  introduced. 

1.3  Protective  Action  Decision  Making 

A  nuclear  incident  as  defined  herein  refers  to  a  series  of  events 
leading  to  the  release  of  radioactive  materials  into  the  environment  of 
sufficient  magnitude  to  warrant  consideration  of  protective  actions. 
Protective  actions  are  those  actions  taken  following  a  nuclear  incident 


1.7 


that  are  Intended  to  ainialsa  tha  radiation  exposure  of  tha  general 
public  resulting  from  Inddants. 

Tha  daclslon  to  lnltlata  a  protective  action  nay  ba  a  complex 
procaaa  with  tha  banaflts  of  taking  tha  action  baing  weighed  against 
tha  risks  and  constraints  Involved  In  taking  tha  action.  In  addition, 
tha  daclslon  will  likely  ba  aada  under  difficult  —rgency  conditions, 
probably  with  little  detailed  Information  available.  Therefore, 
considerable  planning  is  necessary  to  reduce  to  ssnagaabla  levels  tbs 
j£as  leading  y  -«**yj|ifa  raaponaae  to  protect  tha 
public  la  tha  event  of  a  nuclear  incident. 

1.3.1  Action  Factors 

Within  tha  context  of  nuclear  Incidents,  a  vide  variety  of 
possible  situations  nay  develop.  Some  perspective  of  the  needs  of  the 
responsible  planning  officer  can  be  sheen  in  a  brief  description  of 
tha  factors  Involved.  Basically,  tha  officer  oust  balance  pmhiana 
Involving  Identification  of  tha  nagnituda  of  tha  release,  possible 
pathways  to  the  population  at  risk,  how  auch  tine  Is  available  to  take 
action,  what  action  to  take,  and  what  the  affects  night  ba. 

1.3.2  Incident  Determinations 

The  first  problan  to  arise  will  ba  that  of  Identifying  tha  type  of 
Incident  and  the  nagnituda  of  the  release.  Nuclear  Incidents  nay  ba 
extremely  variable  and  nay  range  froa  vary  snail  releases  having  no 
measurable  consequences  offsite  to  large  scale  releases  possibly 
Involving  large  populations  and  areas.  Responses  oust  ba  appropriate 
to  tha  Incident  reported. 
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On*  of  the  variabl**  will  b*.  th*  source  can,  which  rafars  to 
th*  charactariatics  and  raises*  rata  of  th*  radioactive  a* tar 1*1. 

Th*  aaounts  and  types  of  radionuclides  available  for  ralaaa*  should 
be  1— ad  lately  calculable  by  sit*  personnel.  What  is  actually  being 
released  to  th*  environment  can  b*  estimated  but  nay  not  be  confined 
for  sons  time  after  tha  incident. 

Th*  magnitude  and  duration  of  the  r el ease  say  be  astinatad  by 
sit*  personnel  froa  plant  conditions  or  fron  knowledge  of  th*  type 
of  incident  that  has  occurred.  However,  the  estinate  nay  b*  highly 
uncertain  and  oust  be  updated  on  tha  basis  of  onslta  and  offsite 
monitoring  observations  and  operational  status  of  engineered  safeguards. 

If  source  tarn  Information  is  not  available  imaadiataly,  default 
values  should  be  available  from  planning  efforts.  These  values  could 
be  based  on  accident  scenarios  fron  HASH-1400  (1) ,  design  basis  acci¬ 
dents  evaluated  in  tha  HHC  safety  evaluation  report  for  individual 
facilities,  or  other  scenarios  appropriate  for  a  specific  facility. 

Tha  second  major  variable  will  be  where  the  released  material  is 
expected  to  go.  Meteorology  and  geography  will  affect  this  variable. 
Current  meteorological  conditions  can  be  observed  directly  at  th*  sit* 
and  relevant  locations.  However,  complete  meteorological  data  will 
never  be  available,  and  extension  of  observed  data  must  be  made  to 
predict  th*  course  of  released  material. 

Currant  weather  conditions  may  restrict  the  option*  for  response, 
e.g.,  evacuation  in  a  blissard  may  be  reduced  or  Impossible.  Weather 
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forecasts  have  all  of  tha  Inherent  uncertainty  of  the  current  condition 
estimates  since  they  are  derived  from  these. 

Geography  is  important  both  in  its  influeaee  on  meteorology  sad 
on  demography  sad  in  its  influence  on  value  judgments  to  be  made. 

The  planning  for  a  coastal  site  or  a  river  valley  site  may  be  different 
due  to  road  patterns  end  methods  for  i  a— lasting  or  applying  protec¬ 
tive  actions. 

Pornography  is  a  variable  to  be  considered  during  the  planning 
stage.  Demography  is  of  most  importance  in  helping  to  assess  the 
possible  Impact  of  an  Incident.  Population  ambers,  age  distribution, 
distribution  within  an  area,  ate.,  will  have  some  influence  on  responses 
available  in  any  situation. 

Providing  for  the  ability  to  detect  and  measure  a  release  are 
important  factors  for  planning.  Although  it  may  be  possible  to  detect 
releases  and  measure  release  rates  at  the  site,  information  froa  environ- 
mental  measurements  will  be  needed  to  comf  lm  any  estimates  made  on  the 
basis  of  onsite  measuraMnts.  Detection  and  measurement  at  locations 
offsite  are  necessary  to  update  and/or  confirm  predictions  about  the 
movement  of  tha  release  in  the  environment,  locations  for  installed 
equipment  must  be  planned,  probably  on  the  oasis  of  average  area 
meteorology.  Instrumentation  needs  ere  discussed  in  more  detail  in 
Appendix  A. 

The  source  term,  meteorology,  and  geography  parameters  are 
utilised  in  making  a  prediction  of  the  path  and  time  profile  for  the 


t 

\ 

rtlMu.  This  prediction,  in  combination  with  demography  data,  will 
be  used  to  select  tbe  best  responses  for  ths  situation.  Tbs  aost 
reasonable  approach  is  to  plan  path  and  tiaa  profiles  (lsopleths) 
for  unit  release  situations  and  than  to  modify  than  as  real  data 
are  obtained. 

1.3.3  Exposure  Pathways 

Tbe  next  decision  after  tbe  determination  of  an  accident  situa¬ 
tion  will  probably  concern  Identification  of  important  pathways  of 
radionuclides  to  tbe  population.  Exposure  pathways  of  tswwifl ste 
importance  and  tbe  tine  available  to  interrupt  than  can  bn  decided 
to  a  large  extant  on  the  basis  of  planning  judgpsnts. 

Tbe  single  aost  important  pathway  during  the  — rgeacy  phase 
la  probably  by  air.  The  air  pathway  will  be  via  inhalation  of 

i 

x — -  either  gases  or  particulates  and  whole  body  exposure  to  tbe  plws. 

Beleaaed  gases  will  be  either  radioactive  noble  gases,  organic 
iodides,  inorganic  iodides,  or  volatile  inorganic  materials.  Par¬ 
ticles  will  probably  font  by  tbe  condensation  of  vaporised  uaterlal. 

Hater  la  a  pathway  for  exposure  by  ingestion  or  tawriirw.  le- 
leased  material  say  enter  tbe  water  directly  or  in  the  fore  of  fallout 
or  raiaout  followed  by  surface  runoff.  Ths  iawsrslon  pathway  of 
exposure  is  unlikely  to  have  significance  except  in  vary  specialised 
elreunstaaeea.  Ingestion  of  water  is  probably  only  a  minor  pathway 
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of  exposure  la  the  abort  run.  However,  the  gastrointestinal  system 
■at  b«  consider  ad  for  longer  ton  ingestion  of  contaminated  drinking 
vatar. 

Ingeatlon  of  food  la  an  laportaat  exposure  pathway.  However, 
with  the  possible  exception  of  drinking  water.  Bilk,  end  contaminated 
leafy  vegetables,  antsy  of  raleased  aaterlala  Into  food  and  passage 
along  this  pathway  la  delayed.  Identification  of  sensitive  points 
for  control  should  be  aada  during  planning. 

Characterisation  of  release  natarlals  Involved  In  air,  water, 
and  food  pathways  will  not  be  dona  for  sons  tine  after  an  accident. 

The  initial  decisions  will  have  to  be  nede  on  the  basis  of  eatlnates 
developed  in  planning  and  modified  as  real  Information  becomes 
available. 

Direct  external  whole  body  radiation  axpoeura  nay  be  a  hasard. 
leleased  material  deposited  In  soil  or  enter  or  suspended  In  air  and 
material  still  at  the  sits  serve  as  sources  of  direct  radiation,  mostly 
by  gamma  and  beta  radiations.  Although  exposure  rate  may  be  measured 
directly  at  specific  looatlons,  the  distribution  most  be  estimated  and 
the  estimates  updated  on  the  basis  of  monitoring  data.  Fairly  complete 
monitoring  will  be  needed  during  implementation  of  restorative  actions. 

Soil  contamination,  la  addition  to  providing  part  of  the  direct 
whole  body  exposure,  also  provides  a  contribution  to  the  air  pathway. 
lalaaaad  material  deposited  on  soil  can  be  resuspended,  thus  possibly 


■nearing  the  air,  vat at,  and  food  pathways .  Evaluation  of  these 
hazards  will  be  particularly  important  in  d«clding  appropriats 
actions  during  th«  rsstoration  phasa,  a.g. ,  laval  of  deeoataalaatloa 
naadad. 

1.3.4  Populations  at  Elek 

Tha  next  consideration  of  importance  to  the  responsible  official 
is  what  population  is  to  be  protected.  Prior  judgment  end  planning 
baaed  on  the  geography  and  demography  of  the  area  around  the  site 
and  on  critical  pathways  are  eesentlal  to  identifying  populations 
at  greatest  risk. 

The  average  population  is  node  up  of  persons  with  varying 
sensitivities  to  radiation  expo aura,  end  responses  nay  he  keyed  to 
the  most  sensitive,  or  responses  nay  be  restricted,  depending  on 
characteristics  of  tha  local  population. 

(1)  For  purposes  of  response  planning,  tha  general  population 
will  be  evaluated  on  the  heels  of  risk  to  individuals  within 
the  population,  usually  on  tha  basis  of  avoiding  cllalcsi 
affects.  However,  the  population  so  a  whole  will  also  be 
considered  la  p1*— <«g  sans  responses  on  the  basis  of 
statistical  risk  of  sosuitlc  and/or  genetic  affects. 

(2)  Sensitive  populations  nay  be  considered  on  a  special  basis. 
Children,  including  the  fetus  sad  whiffs  children,  are 
generally  note  sensitive  then  healthy  adults.  Per  this 
reason,  such  nibsrs  of  tha  population  any  be  selected 
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either  as  the  aost  sensitive  r •captors  or  as  •  special 
group  for  protection. 

(3)  Soloeeod  populations  will  also  ba  pros out.  Tbasa 

populations  nay  ba  salactad  on  voluntary  or  Involuntary 
basas.  Workers  at  a  nuclaar  facility  are  class if lad 
as  radiation  workers  and  fall  undar  different  criteria  for 
protection  than  the  general  population.  Those  parsons  .who 
are  engaged  In  public  service  activities  during  or  after 
the  accident  are  voluntarily  placing  thanealves  under 
different  criteria  for  protection  than  the  general  popula¬ 
tion.  Finally,  sane  persons  are  Involuntarily  Included 
undar  different  criteria  because  the  risk  of  action 

la  different  than  for  the  general  population.  This 
Involuntarily  selected  population  nay  Include  bedridden 
sad  critically  111  patients,  patients  In  Intensive  care 
units,  prisoners,  ate. 

1.3.5  fadlatlon  Effects 

▲  final  paranatar  which  aust  be  considered  Is  radiation  affects. 
These  any  fall  Into  two  categories,  early  or  delayed,  but  are  not 
antually  prelusive. 

(1)  larly  (acute)  effects,  occurring  within  90  days,  asy  Include 
fatalities,  syaptoas  of  radiation  sir  knees,  or  gi<a< gaily 
detectable  chaagas.  If forts  to  protect  selected  populations 
will  extend  to  prevention  of  fatalities,  alalalsatloa  of 
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symptosm  of  radiation  sickness  in  radiation  workers  and 
public  aaxvlea  personnel,  and  prevention  of  clinically 
dataetabla  changes  of  uncertain  aigalficaaca  in  tha  raat 
of  tha  population.  Tha  baala  for  daelaiona  regarding  aarly 
affacta  ia  not  hard  to  justify  bacauaa  of  tha  imminence 
of  auch  affacta.  However ,  thay  mat  ba  made  rapidly  under 
conditions  of  competing  needs  to  protect  tha  public. 

(2)  Delayed  statistical  affects  (l.a. ,  biological  affacta  which 
can  only  ba  observed  on  a  statistical  basis)  will  occur 
at  random  in  a  population  after  expo aura  to  released 
aatarials.  These  affects  way  ba  fatalities  or  disabilities 
of  somatic  or  genetic  origin.  Tha  incidence  of  these 
effects  la  estimated  on  the  basis  of  statistical  evaluation 
of  epidemiological  studies  la  groups  of  people  who  had  bean 
exposed  to  radiation.  Decisions  concerning  statistical 
effects  on  populations  will  be  aore  difficult  because 
of  the  lack  of  lanedlacy  of  the  affects.  But  in  the  long 
run,  these  effects  night  cause  the  greatest  impact  on  the 
general  population. 

The  response  tines,  actions  to  consider,  and  possible  health 
affects  for  each  pathway  are  shown  ia  table  1.2  for  a  typical  population. 

Effects  on  aniaals,  vegetation,  ot  real  estate  are  also  possible 
hut  nay  be  controlled  or  alleviated  to  the  extant  that  decontamination 
is  anployad  or  that  destruction  of  ths  affected  items  is  employed. 
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Table  1.2  Action  and  Health  Ef facte 
Varaua  Exposure  Pathways 


Exposure 

Response 

Action 

Public 

Pathway 

Sine 

Available 

Health 

Effects 

Air  -  Particulate 

Min  -  Hr 

P 

D 

Gas 

Mia  -  Hr 

P 

F.E.D 

Water  -  Particulate 

Ralaout 

Mr  -  Da 

P 

D 

Fallout 

Kin  -  Hr 

P 

D 

ft— rale" 

Day 

PCR 

».».* 

Food  -  Milk 

Da  -  Mo 

PSR 

D 

Drinking  Water 

Mr  -  Mo 

PSR 

D 

Beverages 

Da  -  Mo 

PCR 

D 

Foodstuffs 

Da  -  Mo 

PGR 

D 

Soil  -  Resuspension 

Da 

R 

D 

Direct 

Mia  -  Da 

PGR 

I.U.F 

Direct  -  Facility 

Mia 

PGR 

Air 

Mia  -  Hr 

P 

F.E.D 

water 

PGR 

D.F.E 

Actional  p  -  Protective 

R  - 

Restorative 

Zf facts  I  F  -  Rapid  Fatality  Z  -  Early  0  -  Delayed 
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1.4  B^nonsa  Plan  Action  Tina a 


A  typical  sequence  of  events  for  developing  emergency  plans  and 
responding  to  noelaar  incidents  is  shown  in  figure  1.1.  This  figure 
illustrates  the  general  order  of  events  but  not  relative  lengths  of 
tiaM  for  each  event.  These  will  vary  according  to  individual  circus- 

stances. 

1.4.1  Preparation  of  Plans 

Considerable  preparation  will  be  required  to  ensure  the  adequacy 
of  easrgancy  response  plans.  This  preparatory  tine  includes  the 
following  elements : 

(1)  The  decision  auat  be  aade  to  prepare  emergency  response  plans 
according  to  the  legislative  aandates  or  needs  within  a 
given  State. 

(2)  Than  basic  plans  should  he  developed  using  appropriate 
guidance  fron  this  annual  and  the  ABC  "Guide  and  Checklist"  (2) . 
These  plans  should  include  emergency  response  actions  for 
coping  with  nuclear  incidents  and  directions  on  the  use  of 

ZPA  Protective  Action  Guides  for  these  situations. 

(3)  These  plans  should  be  approved  by  responsible  persons  or 

(4)  Scenarios  aust  be  developed  iron  the  basic  plans  to  cover 
aajor  contingencies  which  can  be  identified. 

Methods  of  laplanantatioo  aust  be  prepared  and  tested  so  that 
aoBvlable  responses  end  contingency  plans  nay  be  identified  end  dis¬ 
carded.  This  discarding  of  nonviable  responses  nay  be  based  la  part 
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Figure  1.1  Sequence  of  events  for  Response  Planning 

AND  RESPONDING  TO  NUCLEAR  INCIDENTS 


on  evaluation  of  local  conetrainta.  For  example,  evacuation  of 
prleonare  or  critically  111  parsons  might  not  be  considered  viable 
while  alternative  protective  actlona  nay  be  at  leaat  partially 
affective. 

Development  of  the  baalc  emergency  reaponae  plan  may  run  a  course 
of  several  months  or  longer.  However,  planning  should  be  a  continuing 
activity  after  the  baalc  plana  are  developed.  Advances  in  meteorology, 
development  of  new  protective  actions,  changing  demography,  etc., 
should  be  used  in  reevaluation  of  the  original  scenarios.  And  of 
course,  recurrent  testing  of  Implementation  methods  should  be  carried 
out. 


Implee^ntation  of  Plans 

A  sequence  of  steps  to  implement  a  response  plan  following  a 
nuclear  Incident  is  also  shown  In  figure  1.1.  The  time  after  an  In¬ 
cident  may  be  divided  Into  three  phases  which  are  called  emergency, 
protection,  and  restoration.  These  phases  are  not  necessarily  distinct 
consecutive  time  periods,  but  they  do  serve  to  Indicate  the  general 
nature  of  activities  In  a  typical  response  sequence. 


The  emergency  phase  Includes  all  those  activities  leading  to 
Initiation  of  protective  actions.  This  phase  Involves  assessment  of 
the  situations  and  Is  characterised  by  urgency  In  determining  the  need 
for  protective  action  and  getting  the  action  Initiated.  In  general, 
this  may  be  considered  to  be  the  first  few  hours  following  notification 
of  an  Incident  and  deals  primarily  with  protection  of  the  population 
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from  exposure  Co  eh*  airborne  plane. 

The  nose  lnportent  step  in  emergency  response  Is  the  pronpt 
notification  that  an  incident  has  occurred  that  could  result  in  an 
offsite  exposure  such  that  there  la  a  need  for  initiating  protective 
action.  It  Is  the  facility  operator’s  responsibility  to  notify  State 
or  local  authorities  that  such  an  Incident  has  occurred.  It  Is 
iaportant  that  agreements  be  reached  during  the  planning  phase  on 
who  Is  to  be  notified,  data  to  be  provided,  offsite  measurements  that 
will  be  made,  and  actions  to  be  initiated  at  the  site  so  that  there 
vi 11  be  a  timm  loss  In  starting  implementation  of  protective 

action  in  the  offsite  area.  Proper  planning  must  Include  incentives 
to  prevent  delays  in  notification.  Nuclear  facility  operators  have 
the  initial  responsibility  for  accident  assessment.  This  Includes 
prompt  action  necessary  to  evaluate  public  health  and  safety  both 
onsite  and  offsite  C2) .  Ideally,  this  notification  should  occur  as 
soon  as  conditions  in  the  facility  are  such  that  an  impending  accidental 
release  potential  exists.  While  such  notification  could  lead  to  false 
alarms  on  rare  occasions,  they  could  also  permit  more  timely  protective 
actions  than  postponing  the  notification  until  a  release  has  occurred.^ 

The  sequence  of  events  during  the  emergency  phase  Includes  the  . 
notification  of  responsible  authorities,  evaluation  and  recommendations 
for  action,  and  warning  of  the  public.  In  this  early  phase  of  response, 
the  time  available  for  effective  action  will  probably  be  quite  limited. 


^As  part  of  their  plans,  the  State  should  establish  with  Che  facility 
operator  a  strict  protocol  for  notification  of  the  State  such  that  early 
responding  of  possible  impending  releases  would  not  Involve  disincentives 
to  the  facility  operator. 
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I— di  *taly  open  becoming  tnri  that  an  incident  has  occurrad 
that  may  result  in  exposure  of  the  offsite  population,  a  preliminary 
evaluation  should  be  aade  by  the  facility  operator  to  datarnlne 
the  nature  and  potential  aagnitude  of  the  incident.  This  evaluation, 
if  poeslble,  should  deteralne  potential  expoeure  pathways,  population 
at  risk,  sad  projected  doses.  At  this  time,  projected  doses  nay  be 
estimated  froe  monitoring  data  at  the  point  of  radionuclide  release 
or  from  releases  anticipated  for  particular  types  of  nuclear  Incidents. 
The  Incident  evaluation  Information  should  then  be  presented  to  the 
proper  authorities.  If  authorities  were  notified  earlier  and  have 
mobilised  resources,  protective  actions  can  be  started  Immediately  in 
predesignated  areas  or  in  the  areas  indicated  by  projected  dose  based 
on  facility  operator  Information.  In  the  absence  of  detailed  Informa¬ 
tion  from  the  facility  operator  as  Indicated  above,  the  emergency  plans 
should  provide  for  action  in  the  immediate  downwind  area  of  the  facility 
based  on  notification  that  a  substantial  release  has  occurred  or  that 
plant  conditions  are  such  that  a  substantial  release  potential  exists. 

The  next  step  Is  to  gather  additional  Information  on  radiation 
levels  in  the  environment,  meteorology,  end  environmental  conditions. 
Further  actions  or  modifications  to  actions  already  taken  should  be 
based  on  these  data  and  Protective  Action  Guides  considering  constraints 
discussed  in  section  1.6  of  this  chapter. 

The  State  should  continue  to  seek  Information  on  radionuclide 
releases  end  environmental  monitoring  data.  In  fact,  an  evaluation  of 
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each  Information,  aa  vail  a a  expo aura  pathways,  population  at  risk, 
doaa  projactlona,  and  FACs  should  bo  a  continuing  activity  In 


both  tba  emergency  and  protection  phaaos  la  ordar  to  modify  pro¬ 
tective  aetiona  aa  naadad. 

The  protection  phaaa  baglna  with  the  Initiation  of  protective 
action  and  continues  until  that  action  la  terminated.  Figure  1.1 
lndlcataa  that  Ideally  the  protective  action  auch  aa  evacuation  would 
be  Implemented  before  any  population  exposure.  However,  the  action 
may  not  be  initiated  in  time  to  avoid  all  of  the  projected  dose, 
and  soma  doaa  nay  be  received  during  Implementation  of  the  action. 

The  restoration  phase  includes  those  actions  taken  to  restore 
conditions  to  "normal".  Restorative  actions  Include  the  halting  of 
protective  aetiona,  the  lifting  of  restrictions,  and  possible  decon¬ 
tamination  procedures. 

Tvoea  of  Action 

The  action  taken  may  be,  as  previously  indicated,  either  protec¬ 
tive  or  restorative.  It  way  also  be  voluntary  or  involuntary,  or  no 
action  at  all  may  be  taken. 

(1)  Ho  action  would  usually  be  taken  by  State  authorities  If 
the  risk  of  undesirable  radiation  effects  is  anticipated  to 
be  much  less  than  the  risk  of  caking  action. 

(2)  Voluntary  action  may  be  suggested  for  the  population  at 
risk,  or  It  may  be  taken  by  them  anyway  on  the  basis  of 
public  Information  provided  during  aa  accident  situation. 
Voluntary  action  may  be  valid  in  the  gray  area  where  the 


risk  of  exposure  to  riliutd  material  and  the  risk  of  taking 
action  ara  not  too  dlffaraat.  It  nay  also  be  takan  at 
lowar  lavala  of  exposure  by  individuals  to  alleviate  chair 
faars.  Tha  nagativa  aspects  of  possible  confusion  and 
poaalbla  panic  where  Incomplete  knowledge  exists  must  ba 
conaidasad  during  dadsiona  to  implement  protective  actions. 

(3)  Involuntary  (mandatory)  action  by  Stata  authorities  should 
ba  implemented  whan  tha  risk  of  undaairabla  af facta  exceeds 
the  risk  of  taking  action  to  such  an  extant  that  public 
well-being  can  ba  adversely  affected.  This  is  whan  action 
auat  be  takan  in  tha  public  interest. 

The  types  of  action  which  can  ba  takan  include: 

(1)  Protective  actions,  such  as  evacuation,  taking  shelter  in 
hoaaa  or  civil  defense  shelters,  controlling  food  and  water 
distribution,  prophylaxis  (e.g. ,  thyroid  protactlon),  or 
individual  protective  actions  (e.g.,  gas  masks ,  protective 
clothing,  ate.);  and 

2  J"-' Restorative  action  where  everything  is  returned  to  "normal". 
This  action  Includes  lifting  restrictions  or  halting 
activities  initiated  as  protective  actions.  It  also 
includes  decontamination  where  necessary. 

The  actions  to  be  taken  should  be  evaluated  and  set  in  priority  or 
sequence  with  identification  of  ranges  for  appropriate  action  and  of 
decision  points  during  planning.  Based  on  prior  judgnaat  of  which 


actions  nay  b«  effective  la  say  given  situation,  scanarios  can  ba 
prepared  which  will  ladleata  which  actions  or  ala  of  actions  arc 
appropriate  for  various  situations. 

.6  Coals  of  Trotactlwa  Action 

Tha  ideal  foal  of  protective  action  ia  aa  eaergancy  la  conplata 
protaction  of  tha  endangered  population.  However,  wariona  constraiata 
nay  prevent  attaining  thia  ideal,  ao  a  aora  realistic  goal  ia  ulnlal- 
satlon  of  hamful  of  facta. 

la  tha  ease  of  aa  onargeney  involving  a  radiological  hazard, 
afforta  are  directed  towarda  ni ail  sing: 

(1)  early  sonatic  effaces  such  as  death  within  days  or  davalop- 
neat  of  extensive  synpeons  of  radiation  rt.ckneaa; 

(2)  delayed  sonatic  effects,  such  aa  increased  probability 
of  death  due  to  radiation  related  cancer;  and 

(3)  genetic  affects  each  as  increased  pranaral  nortality  or 
increased  probability  of  Hereditary  defects  ia  future 
generations. 

The  alula! ration  of  effects  laplies  that  the  radiation  exposure  under 
consideration  is  aa  avoidable  exposure.  However,  for  purposes  of 
datemialag  whether  to  take  a  protective  action  on  the  basis  of 
projected  dose  froa  aa  airborne  pluna,  the  projected  dose  should  not 
include  unavoidable  does  that  has  bean  received  prior  to  tha  tine  the 
dose  projection  is  done.  If  •  situation  should  occur  where  the  unavoidable 
dose  would  be  very  large  as  oonpatsd  to  tha  avoidable  dose,  different 
protective  ectioaa  night  be  uerxanted. 
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Tbs  Ideal  goal  la  ■art—  protection  of  cha  public  with  the 
least  coat  and  disruption.  Within  cha  aaad  to  protect  the  public 
several  constraints,  Including  physical,  social,  and  fiscal,  will 
be  operating. 

The  planner  should  balance  the  coat  of  not  taking  action  (risk 
of  radiation  exposure)  against  the  coat  of  taking  action  fran  both 
fiscal  and  societal  aspects.  Xn  particular,  the  fiscal  costs  of 
preparing  for  action,  as  well  as  the  costa  of  all  actions  to  be  taken, 
should  be  balanced  against  the  seed  for  response  to  protect  the  public 
Also,  the  societal  costa  such  as  panic  and  disruption  of  life  style 
should  be  balanced  against  the  risk  to  society  of  not  taking  action. 

This  balancing  of  coats  and  risks  will  place  constraints  on  the 
options  available  for  action.  This  balancing  also  implies  that  in 
planning,  certain  cut-off  points  can  be  Identified,  e.g. ,  a  narglnal 
increase  Is  protection  probably  nay  not  justify  the  required  expendi¬ 
tures  or  extensive  disruption  of  families  or  dally  activities. 

These  costs  and  constraints  should  be  evaluated  In  planning  by  the 
responsible  public  officials  la  determining  the  responses  to  be  made 
la  a  given  situation. 

Sven  if  the  balance  of  costs  indicates  that  a  response  or  set 
of  actions  is  reasonable,  other  constraints  aey  preclude  their  use. 
These  additional  constraints  on  action  are  primarily  physical  in 
nature  (e.g. ,  in  the  case  of  a  puff  release,  exposure  time  aey  be 


too  abort  to  allov  effective  protective  action) 


1.6.2  Constraints  on  Coal  Attain— at 


The  constraints  which  operate  to  prevent  attaining  tha  ideal 
goal.  Include  choae  of  aaviro— eats  1,  denn graphic ,  tenporal,  reooerea 
availability,  and  exposure  duration. 

Environaental  coaatralnts  will  include  aoceorologlc  and 
geographic  conalderationa.  Protective  action  options  nay  be  restric¬ 
ted  by  severe  weather  conditions,  winds tons,  blizzards,  tornadoes, 
large  aecaanlatlens  of  snow,  ate.  Options  are  also  restricted  by 
mabers,  types  sad  directions  of  roads,  and  obstruction  of  easy 
egress  froa  a  site  by  rivers,  nonntalns,  or  other  geologic  fornatlons. 

Options  are  farther  constrained  by  the  density  sad  distribution 
of  population,  the  total  size  of  tha  population  Involved,  tha  age 
sad  health  status  of  sepents  of  tha  population,  sad  other  denn  graphic 
considerations. 

Temporal  constraints  will  be  present  during  all  phases  of 
protective  action  sad  sons  situations  during  restorative  action.  Tine 
available  for  action  nay  be  a  real  constraint  for  evacuation  of 
cloaa-la  populations,  particularly  la  the  csss  of  short  tern  (puff) 
releases.  After  an  Incident,  exposures  of  the  population  close  to  the 
site  nay  occur  before  control  of  tha  situation  Is  established.  Bvan 
after  a  decision  for  action  has  been  nade,  notification  of  tha  population 
sad  iaplsnantation  of  the  action  nay  require  aaough  tine  such  that  sub¬ 
stantial  exposures  oecur.  The  constraint  of  tins  in  restorative  action 
will  probably  be  nora  related  to  reduction  of  costs  rather  than  to 
direct  protection  of  ths  population.  Sapid  decontamination  to  allow 
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access  co  utilities,  food  itotM,  crops,  see.,  will  roducs  ebs  total 
cost  do*  co  the  accident. 

taaources  will  be  om  of  chs  largest  constraints  on  viable 
options  for  sc cion.  Tbs  boot  planning  will  fall  If  eba  resources 
co  laplaaanc  aecions  ara  not  avallabla.  Basourcas  naadad  ara 
fiscal,  aanpowar,  and  proparty,  although  fiscal  will  probably  ba 
tha  Halting  factor.  Given  Miffldant  fiscal  invaseneat,  than 
aanpowar,  equipaeat,  and  training,  all  will  ba  avallabla  In  adaquata 
quantities.  Howsvar,  slnca  only  llaitad  aaounea  of  fiscal  support 
aay  ba  avallabla,  tha  lack  of  aqulpaant  and  aanpowar  with  auffidant 
training  and  practlea  In  laplaaantatlon  of  protective  actions  will 
Halt  tha  nuabar  of  viable  optiona  for  protecting  Joe  public. 

In  ganaral,  as  the  population  to  ba  protected  Increases,  lass 
protection  la  avallabla  for  the  ease  total  cost  (equal  levels  of 
protection  require  greater  fiscal  lavaaraant  In  large  populations 
than  In  swell  populations).  Llksvlsa,  as  tha  level  of  preparedness 
increases,  tha  cost  of  obtaining  and  maintaining  this  praparadnass 
Increases,  Tha  coat  of  protective  action,  however,  will  probably  ba 
a  step  function.  Bach  decision  to  taka  an  action  or  extend  an  action 
will  causa  an  Incremental  step  increase  in  the  coat,  dll  of  those 
constraints  anst  ba  considered  In  planning  operations  so  that  tbs 
optima  protection  of  tbs  public  can  ba  obtained  with  tbs  least 
expenditure,  both  social  and  fiscal,  CMaansurate  with  tha  goal  of 
protective  action. 
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1.6.3  Evaluation  of  Constraints 

Local  offidala  involved  la  developing  emergency  response  plans 
nose  bs  thoroughly  Informed  an  what  protective  actions  arn  available 
for  1 ini ting  the  radiation  exposure  of  the  general  public  during  a 
nuclear  Incident.  These  actions  are  e  vital  part  of  the  emergency 
response  plan  and  should  be  specified  during  the  planning  phase 
rather  than  at  the  tine  of  the  incident.  There  are*  however,  local 
constraints  associated  with  each  protective  action  which  will  Influence 
the  decision  to  lnpleaeat  e  given  protective  action.  The  local  planner 
*  nust  also  be  familiar  with  and  apply  these  constraints  to  any  enargency 
situation.  Ideally,  it  should  be  possible  to  balance  these  constraints 
In  sane  analytical  fashion  which  would  place  each  constraint  la  its 
proper  perspective  on  a  cannon  scale.  Since  nsny  of  the  constraints 
cannot  be  quantified,  local  planners  nust  use  rational,  subjective 
judgnent  in  evaluating  than. 

Tobias  1.3  and  1.4  list  protective  actions  that  are  available 
for  various  types  of  reactor  incidents  as  e  function  of  approximate 
time  periods  following  the  incldant,  end  the  following  discussion 
attempts  to  evaluate  constraints  such  as  costa,  tine,  societal  con¬ 
siderations,  etc.,  that  relate  to  each  protective  action.  This  infor- 
netion  should  be  valuable  to  the  local  planner  in  — n«g  the  value 
judgnants  that  ere  necessary  to  plan  actions  during  an  anergency. 

1.6. 3.1  Constraints  on  Evacuation 

While  evacuation  nay  seen  to  be  the  protective  action  of  choice 
following  e  nuclear  incident  at  a  fixed  nuclear  facility,  constraints 
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1  Knew  tlon 

2  Shelter 

3  Accom  control 

4  Inspiratory  protection  for 
margency  workers 

5  Thyroid  protection  for  anarganey 
workers 

6  Pasture  control 

7  mik  control 

8  Pood  and  water  control 

9  Lift  protection  controls 

10  leaatry 

11  Decontsniaetlon 


(*)Puff  release  -  1ms  than 
2  hours 

^Continuous  release  - 
2  hours  or  note 

(c\ 

iMtorntlon  phase  nay  begin 
at  any  tine  as  appropriate 
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associated  with  a  specific  alt*  could  render  the  evacuation  ineffective 
or  undesirable.  Other  optional  protective  actions  such  as  taking 
shelter  should  be  considered.  The  planner  Bust  take  into  consideration 
all  local  constraints  to  deteralne  whether  or  not  evacuation  is  a 
viable  protective  action  for  the  given  situation.  Exaaples  of  the 
effects  of  constraints  could  be  provided  on  a  general  basis.  However, 
it  remains  the  responsibility  of  the  planner  to  deteralne  the  aost 
reasonable  protective  actions  for  each  site. 

A.  Effectiveness  of  Evacuation 

The  effectiveness  of  evacuation  in  Halting  radiation  dose  1s 
a  function  of  the  tlaa  required  to  evacuate.  If  a  radioactive  cloud 
is  present,  the  dose  will  Increase  with  the  tins  of  exposure;  if  the 
evacuation  is  eoapletad  before  the  cloud  arrives,  then  evacuation 
is  obviously  100  percent  effective.  Anything  that  delays  an  evacuation 
is  therefore  a  constraint,  and  such  constraints  are  likely  to  be  very 
such  a  function  of  local  site  conditions  and  planning.  The  planner 
should  be  eeare  of  these  constraints  in  order  to  alnlnlxe  their 
lapact,  thus  asxiaislng  the  effectiveness  of  the  evacuation. 

The  evacuation  tiae,  T(EV) ,  at  a  particular  site  is  defined  as 
the  tiae  from  the  start  of  the  nuclear  Incident  to  the  tine  when  evacuees 
have  cleared  the  affected  areas.  It  aay  be  expressed  as: 

T(EV)  •^d  +  ^h  +  Tii+Tt 

where: 

Tp  •  tiae  delay  after  occurrence  of  the  incident  associated  with 
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4 

notification  of  responsible  officials,  intorproeaclon  of  data,  and 
Cha  decision  to  avacuata  as  a  protective  action. 

Tg  ■  time  required  by  officials  to  notify  people  to  evacuate. 

Tg  -  tine  required  for  people  to  mobilize  and  get  underway. 

Tt  “  travel  tlaa  required  to  leave  the  affected  areas. 

Ip  Includes  savaral  separate  tine  elenents  as  defined  above, 
and  all  of  then  can  be  reduced  by  effective  planning.  Nominal  values 
for  TD  nay  range  from  0.5  hours  up  to  1.5  hours  and  possibly  longer 
depending  on  the  adequacy  of  planning  and  whether  the  decision  la  to 
be  based  on  onsite  Information  or  offsite  environmental  measurements. 

The  least  well  defined  time  constraint  is  T^,  which  is  strongly 
influenced  by  local  population,  geographic  conditions,  and  planning. 

Tjj  has  been  postulated  to  be  inversely  proportional  to  population 
density;  the  closer  people  are  together,  the  quicker  it  la  to  notify 
then  to  evacuate.  For  fast  developing  incidents,  news  media  warnings 
must  be  augmented  by  telephone,  pullc  address,  and  door  knocking,  the 
effectiveness  of  which  is  a  function  of  local  planning  and  resources. 
There  are  new  innovations  such  as  computer  telephoning,  planes  with 
loud  speakers,  etc.,  which  the  local  planner  may  find  worthwhile 
to  explore.  The  value  of  Tg  under  the  best  conditions  of  local  planning 
la  estlamtad  to  range  from  15  minutes  to  1  hour  or  more. 

Tg,  the  time  required  for  people  to  prepare  to  leave,  depends  on 
such  parameters  as: 
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(1)  la  th«  family  together? 

(2)  Rural  or  urban  community?  Some  farms  or  loduatriaa  r squire 
mors  shutdown  elms  chan  othara. 

(3)  Spaeial  evacuations  -  special  planning  effort  is  required 
to  evacuate  schools,  hospitals,  nursing  homes,  penal 
institutions,  and  the  Ilka. 

(4)  Thera  will  be  soma  people  who  vlll  refuse  to  evacuate. 

The  best  time  for  for  an  urban  family  together  might  be  0.2  to 
0.5  hours,  while  to  shut  down  a  farm  or  factory  might  take  hours. 

The  evacuation  travel  time,  T^,  is  related  to: 

(1)  Total  number  of  people  to  be  evacuated. 

(2)  The  capacity  of  a  lane  of  traffic. 

(3)  The  number  of  lanws  of  highway  available. 

(4)  Distance  of  travel. 

(5)  Roadway  obstructions  such  as  uncontrolled  merging  of  traffic 
or  accidents. 

The  total  number  of  people  to  ba  evacuated  depends  on  the  popula¬ 
tion  density  and  affected  area.  It  Is  an  advantage  If  good  planning 
can  keep  the  area  and  thus  the  number  of  people  to  as  small  a  value 
aa  possible,  or  possibly  to  evacuate  one  area  at  a  time  so  that  the 
number  of  people  on  the  move  at  one  time  Is  within  the  capacity  of  the 
roads. 

The  capacity  of  a  lane  of  traffic  depends  on  tha  number  of  vehicles 
per  hour  and  the  capacity  of  aach.  Surveys  during  evacuations  found 
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4  persona/ car  on  the  average  Indicating  that  at  2,500  car « /hr  at 
35  aph,  tha  capacity  of  a  lana  la  10,000  parsons /hr .  Coamuter  traffic, 
however,  contains  about  1.2  parsons/ear,  lowering  tha  capacity  to 
about  3,000  parsons /hr-lana.  Uss  of  buaas  exclusively.  If  this  Is 
practical.  Increases  tha  lana  capacity  by  a  factor  of  about  10  such 
that  100,000  parsons/hr-lana  could  be  moved .  However,  if  buses  are 
used,  tha  Increase  In  time  caused  by  getting  the  buses  to  the  evacua¬ 
tion  area  and  by  return  trips  saist  be  considered.  If  tha  average 
speed  of  traffic  is  laas^han3^aph,_capaclty/la^rfrr^li^louarad  in 
proportion. 

The  number  of  lanes  of  traffic  Is  ordinarily  sufficient  for  evacu¬ 
ation  from  the  low  population  zone  around  fixed  nuclear  facilities. 
Lanas  may  be  Increased  by  using  lanes  that  ordinarily  carry  traffic 
Into  the  area.  All  these  lanes  cannot  be  used,  however,  since  soae, 
at  the  option  of  the  planner,  oust  be  held  open  for  emergency  vehicles 
coning  Into  tha  area. 

Traffic  control  will  be  effective  In  reducing  the  evacuation 
travel  time.  If  lanes  ordinarily  Inbound  are  us ad  for  outbound  traffic, 
traffic  officers  will  be  required  to  direct  vehicles  to  them;  otherwise 
they  will  not  be  used.  Traffic  barriers,  signs,  traffic  light  over¬ 
rides,  disabled  vehicle  removals,  etc.,  will  be  required  to  keep 
traffic  speeds  high.  Traffic  control  at  bottlenecks  will  be  of  par¬ 
ticular  Importance.  Allowing  single  lanes  to  run  alternately  rather 
than  having  ears  dovetail  through  an  Intersection  will  significantly 
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Increase  traffic  flow.  Accaaa  controls  to  kaap  unsuthoriaod  vehicles 
and  parsons  out  of  the  evacuated  araas  will  ba  naadad  also. 

Examination  of  spaelflc  saetora  around  four  diffarant  light* 
watar  power  raactors  indicates  that  nay  rang*  from  0.2  to  as  such 
as  1.5  hours  under  exceptional  conditions  where  the  road  system  is 
inadequate  compared  to  the  population  to  be  evacuated.  An  average 
traffic  speed  of  35  mph  was  assumed  If  road  capacity  was  great  enough 
to  preclude  traffic  Jama . 

Table  1.5  suaaarlzes  the  various  tine  segments  that  act  as 
constraints  on  evacuation.  These  values  are  rough  estimates  that 
should  be  improved  upon  by  the  local  planner  for  each  site.  An 
example  of  a  one-hour  evacuation  might  be  the  evacuation  late  in  the 
evening  of  a  rural  area  including  a  small  town  (250  persons).  In 
such  a  case  the  population  Is  small,  concentrated,  and  at  that  time 
the  families  would  be  united.  An  example  of  an  evacuation  In  the 
longer  time  range  might  be  evacuation  during  the  daytime  of  a  rural,  low 
population  zone  containing  farms.  Warning  would  be  time  consuming, 
and  die  preparation  for  farm  shutdown  might  be  lengthy.  The  road 
system  Is  adequate,  but  families  may  be  separated  during  the  day, 
requiring  longer  evacuation  travel  distances.  Emergency  plans  for 
areas  located  near  State  boundaries  would  require  Interstate  cooperation 
and  planning.  High  population,  high  density  areas  such  as  those  around 
Indian  Point  present  a  different  situation,  and  evacuation  times  are 
more  complex,  probably  longer,  and  must  be  analysed  on  a  case  by  case 
basis.  In  these  areas,  notification  time  may  be  short  but  access 


Tab la  1.5  Approximate  Saaga  of  Tina  Segments 
Making  Up  tha  Evacuation  Tine'*' 


Tina  Segment 

Approximate 

Bangs 

Hours 

*D 

0.5  -  1.5^ 

* 

0.2  -  1.0^ 

*M 

0.2  -  2.0^ 

0.2  -  1.5^ 

1.1  -  6.0 

*  High  population,  high  density  areas  such  as 
those  around  Indian  Point,  present  a  different 
situation,  and  evacuation  tines  are  note  coup lax, 
probably  longer,  and  oust  be  analyzed  on  a  case 
by  csaa  basis. 


^Maxima  tins  nay  occur  whan  offsite  radiation 
naasurenents  and  dose  projections  era  required 
before  protective  action  is  taken. 

(c) 

Maxima*  tint  nay  occur  vhan  population  density  is 
low  and  evacuation  area  is  large. 

^Maodjaua  ties  nay  occur  when  families  era  separated, 
a  large  nunber  of  farms  or  industries  must  be  shut  down, 
and  special  evacuations  era  required. 

^Maxima  tine  any  occur  whan  road  systaa  is  inadequate 
for  tha  large  population  to  be  evacuated  and  there  are 
bottlenecks. 
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Halted.  Appendix  B  provides  techniques  for  evaluating  the  vsrioue 
tine  periods  involved  in  evacuation. 

B.  Risk  of  Depth  or  Injury 

If  evseustion  were  liksly  to  greatly  increase  an  individual's 
risk  of  death  or  injury,  this  would  act  as  a  significant  constraint 
on  the  use  of  evacuation  as  a  protective  action  for  a  nuclear  incident. 
Fortunately,  examination  of  numerous  evacuations  indicate  that  risk 
of  death  or  Injury  is  not  likely  to  be  increased  when  evacuation  is  aade 
by  aotor  vehicle  (3).  Premature  childbirth  is  routinely  encountered 
in  emergencies  and  subsequent  evacuations,  and  in  at  least  one  State 
emergency  plan,  prior  arrangements  are  aade  for  this  problem. 

C.  Evacuation  Costs 

For  evacuations  caused  by  storms  or  floods,  cost  is  not  usually 
a  constraint  because  hasard  to  life  and  limb  is  obvious  and  because 
the  evacuation  cost  is  judged  to  be  small  compared  to  the  damage 
censed  by  the  disaster.  However,  in  the  event  of  a  nuclear  incident 
where  there  any  be  the  strong  Inclination  to  evacuate  even  though  the 
radiation  dose  to  be  saved  is  vanishingly  small,  the  economic  cost  of 
the  evacuation  any  act  as  a  constraint.  Therefore,  the  planner  may 
wish  to  estimate  this  cost  for  various  kinds  of  evacuation. 

Evacuation  costs  any  be  broken  into  four  categories: 

(1)  costa  involving  evacuees, 

(2)  costs  involving  evacuators, 

(3)  financial  losses  of  fata  areas,  and 

(A)  financial  losses  of  urban  and  industrial  areas. 
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United  lnforuetlon  on  estlaated  eooco  la  given  in  rnforoneo  (3). 
for  a  a pacific  alts,  tha  various  coata  probably  can  ba  aaeartalnad 
with  sera  accuracy.  Yaraaatars  that  would  affact  eba  coata  of  an 
evacuation  around  a  epaclflc  alta  ara  llatad  In  table  1.6.  Considers- 
tlon  of  these  paranatara  and  bow  they  affact  coat  ahould  allow  tha 
planner  to  calculate  tha  approxlaate  nonatary  coat  of  an  evacuation 
and  thua  astinats  and  evaluate  thla  eonatralnt. 

.3.2  Seeking  Shelter 

The  local  eonatralsta  on  seeking  ahaltar  aa  a  protective  action, 
such  aa  tine  to  taka  action,  coat  of  taking  tha  action,  and  aoelatal 
conaldaratlona.  Intuitively  tend  to  support  taking  such  action  since 
tha  coat  la  each  case  is  relatively  snail.  However, -if  one  conpares 
the  affact  of  snaking  ahaltar  with  aona  other  action  such  aa  evacuation 
on  tha  basis  of  dose  savings.  It  nay  ba  concluded  that  evacuation  will 
save  a  far  greater  dose  than  snaking  ahaltar.  Generally,  shelter 
provided  by  dwellings  with  windows  and  doors  dosed  and  ventilation 
turned  off  would  provide  good  protection  from  inhalation  of  gases  and 
vapors  for  a  short  period  (i.a. ,  one  hour  or  lass)  but  would  ba  generally 
Ineffective  after  about  two  hours  due  to  natural  ventilation  of  the 
ahaltar. 

Not  every  constraint  can  ba  evaluated  using  established  techniques; 
therefore,  a  certain  aaount  of  subjective  judgusnt  uust  be  aada  on  the 
pert  of  the  local  planner.  The  Important  thing  la  that  the  local 
planner  be  aware  of  the  constraints  associated  with  each  action  and 
that  these  constraints  be  balanced  on  whatever  basis  possible  in  order 
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Tabls  1.6  ti 


lTrrr  Affecting  tha  Cost  of  Evacuation 


iiu 

Six*  of  im  affactad 
Location 

Population 

Busbar 

Distribution 

Makaup 

Institutions 

T TP* 

Population  in 
Cara  required 

Paras 

Slaa 

Typ«  ' 
product  valuas 

Business  and  Industry 

Typa 

Slaa 

Work  fores 
Product  value 

Mods  of  Travel 

Mo fear  of  Evacuators  Esquired 
Sbaltars  Beaded 
Duration  of  tha  Evacuation 
Anti-looting  Efforts 


to  arrive  at  *  decision 


1.6. 3. 3  Access  Control 

Access  control  cen  be  e  very  effective  protective  ectlon  to 
evold  exposure  of  personnel  who  sight  otherwise  enter  high  exposure 
cress  unnecessarily.  Whether  or  not  It  cen  be  applied  effectively 
at  all  sites  will  depend  upon  several  considerations  which  are  site 
specific.  For  example,  the  tine  required  to  establish  the  necessary 
roadblocks  may  be  longer  than  the  exposure  time.  The  cost  of  main¬ 
taining  the  capability  for  roadblocks  end  control  of  access  points 
may  be  prohibitive.  Furthermore,  personnel  that  would  be  used  In 
maintaining  roadblocks  might  be  more  effectively  used  for  other 
aeergeney  functions.  All  of  these  factors  must  be  considered  In 
deciding  whether  to  plan  for  full  or  partial  access  control  during 
the  early  phases  of  an  incident. 

1. 6.3.4  Respiratory  Protection 

Radiation  exposure  from  inhalation  of  gaseous  or  particulate 
radionuclides  may  be  reduced  by  the  use  of  respirators.  These  devices 
protect  the  wearer  by  removing  radlaiodlnes  (the  primary  gaseous 
of  concern)  on  actlvlatad  charcoal  and  by  removing  pcrtleulate  materiel 
by  filtration.  Several  types  of  respirators  are  coamarelally  available 
for  use  by  adult  male  workers  in  contaminated  atmospheres .  Rowever, 
respirators  designed  for  woman  and  children,  i.e.,  the  most  radiation 
sensitive  part  of  the  population,  aay  not  be  readily  available.  Tbs 
first  constraint  on  the  use  of  respirators,  therefore.  Is  whether 
suitable  devices  are  available.  Secondly,  for  respirators  to  be 


effective  for  the  general  population,  they  ehould  be  kept  oa  bead  by 


each  person  for  lauadiate  use  upon  notification  sad  they  aust  have  been 


individually  fitted.  This 


they  should  be  distributed  to  she 


population  at  risk  prior  to  a  nuclear  Incident,  and  training  should  be 
provided  for  their  use.  The  logistics  of  distributing  such  devices 
after  an  Incident  would  greatly  reduce  their  effeetivenese  by  Halting 


their  tine  of  use.  The  cost  of  providing  respirators  for  the  entire 
population  at  risk  Is  also  a  constraint,  especially  for  large  popula¬ 
tions.  Additional  constraints  include  upsetting  the  population  by 
acknowledging  the  danger  with  visible  naans  and  the  failure  of 
individuals  to  have  their  respirators  personally  available  over  long 
periods  (years).  Even  If  funding  Is  available  to  provide  the  necessary 
respirators.  It  should  be  noted  that  use  of  such  devices  can  only  be 
a  abort  tarn  action  of  2  to  3  hours.  Therefore,  they  night  best  be 
used  in  conjunction  with  other  protective  actions  such  as  seeking 
shelter  or  evacuation.  It  should  also  be  kept  in  wind  that  respirators 
would  not  be  of  value  where  the  exposure  of  concern  was  from  direct 
radiation  and  not  fron  Inhalation  of  Iodines  or  particulate  notarial. 
Respirators  nay  be  noet  effective  for  eawrgeney  workers  or  other 


persons  required  to 


In  evacuation  sones. 


1.6. 3. 3  Prophylaxis 


old  Protection) 


The  uptake  of  Inhaled  or  Ingested  radloiodlaa  by  the  thyroid 
gland  nay  be  reduced  by  the  Ingestion  of  stable  Iodine.  The  oral 
administration  of  about  100  nilllgrsas  of  potassiia  Iodide  will  result 
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in  sufficient  accumulation  of  stable  iodine  in  the  thyroid  to  prevent 
significant  uptake  of  radlolodine.  The  aaln  constraint  In  the  use 
of  this  naans  of  thyroid  protection  is  that  potass lun  Iodide  Is 
noraally  adnini stared  only  by  prescription  and  would  have  to  be  dis¬ 
tributed  in  accordance  with  Stats  health  laws.  Potassium  Iodide  as 
a  prophylaxis  la  only  effective  If  the  exposure  of  concern  la  from 
radlolodine  and  only  If  the  stable  Iodine  la  administered  before  or 
shortly  after  the  start  of  intake  of  radlolodine.  All  emergency 
workers  for  areas  possibly  involving  radlolodine  contamination  should 
receive  this  kind  of  thyroid  protection,  especially  If  approplrate 
respirators  are  not  available.  The  cost  constraint  would  not  be 
significant  for  potassium  iodide  Itself,  but  the  cost  for  administering 
this  material  should  be  considered,  including  the  cost  of  testing 
emergency  workers  for  sensitivity  to  iodine  prior  to  issue  or  use. 

The  use  of  stable  Iodine  as  a  protective  action  for  emergency 
workers  has  bean  raconmendsd  by  E?A,  but  only  in  accordance  with  Stats 
health  lavs  and  under  the  direction  of  Stats  medical  officials  as  Indica¬ 
ted  above.  However,  the  efficacy  of  administering  stable  iodine  as  a 
protective  action  for  the  general  population  1a  still  under  consideration 
by  government  agencies  and  should  not  be  construed  to  be  the  policy  of 
SPA  at  this  tine. 

1.6. 3. 6  Mtih  Control 

In  order  to  protect  the  population  from  exposure  to  ingestion  of 
contaminated  milk,  the  planner  has  two  basic  alternative  actions,  which 

are: 
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(1)  Cow-feed  or  paature  control  to  prevent*  the  Ingestion  of 
radioactive  aatarlals  by  dairy  cattle,  or 

(2)  Milk  control  either  by  diverting  the  ailk  to  other  naea 
that  allow  the  radioactivity  to  decay  before  lngeation  or 
by  deatroying  the  ailk  and  eubatltuting  uncontaainated  ailk 
from  other  areaa. 

The  optima  action  would  be  to  prevent,  through  paeture  and  feed 
control,  contamination  of  the  ailk.  Thia  would  be  followed  up  by 
ailk  control  only  la  eontaaiaated  areaa  where  paeture  end  feed  control 
were  not  carried  out  or  were  not  adequate.  Local  conacralnta  aay  reduce 
the  acceptability  or  effectlvanaaa  of  thaae  two  protective  aetlona. 

The  altarnatlvea  to  raking  thaae  actloaa  include: 

(1)  Permitting  the  population  to  receive  higher  doeage. 

(Thyroid  cancer  la  generally  not  fatal.) 

(2)  Sugg eat  voluntary  avoidance  of  the  uee  of  contaminated  ailk 
by  children  and  pregnant  women.  (Children  are  more  aenaltlve 
than  adulta  becauae  of  greater  intake  of  ailk  and  greater 
concentration  within  the  thyroid.) 

(3)  Adatnletar  e table  iodine  aa  dlacusaed  earlier  under  thyroid 
protection  (section  1.6. 3. 5). 

The  local  conatralnta  on  the  control  of  dairy  cow  feed  or  paature 
nay  Include  the  following: 

(1)  k  ahortage  of  uncontaalaated  feed. 
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(2)  A  short* g«  of  p*xsotm*l  to  carry  out  food  and  pastura  controls 
In  evacuated  araas. 

(3)  Tha  short  tins  avallabla  to  implement  faad  and  pasture  con¬ 
trols  over  a  largo  area  (possibly  hundreds  of  square  alias) 
aay  eraata  no— unication  problems  and  uncertainties  as  to 
the  areas  where  pasture  and  feed  control  should  be  implemen¬ 
ted. 

(4)  Tha  coat  of  the  stored  feed  and  the  cost  of  transporting  it 
to  needed  areas  eight  ha  prohibitive. 

Local  constraints  on  the  control  of  oilfe  nay  Include: 

(1)  The  shortage  of  nearby  processing  plants. 

(2)  Inadequate  storage  capacity  to  wait  for  radioactive  decay. 

(3)  Objections  to  shipment  of  contaminated  milk  to  other  juris¬ 
dictions  for  processing. 

(4)  Pollution  from  disposal  of  large  volumes  of  nllk. 

(5)  Shortage  of  monitoring  personnel  and  equipment  for  all  eiifc 
producers. 

(6)  Shortage  of  milk  for  critical  users. 

(7)  Costs  associated  with  transporting,  storage,  or  disposal  of 
milk. 

Tha  dose  to  the  thyroid  of  a  child  froa  drinking  aiifc  contaminated 
with  radio iodine  through  the  ataosphera-pasture-cow-milk  exposure  path¬ 
way  nay  be  hundreds  of  times  ths  thyroid  dose  that  would  be  received 
by  the  same  child  froa  breathing  the  air  that  caused  the  contamination 
of  the  pasture.  Therefore,  the  lire  of  the  area  over  which  ailk  sight 
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have  to  be  controlled  could  b«  such  larger  than  the  size  of  the  eree 
that  would  be  evacuated  to  prevent  Inhalation  of  the  iodine. 

To  avoid  the  probleaa  and  conatralnta  aaaoleated  with  milk 
atorage,  transport,  or  disposal,  the  planner  should  prepare  for  pasture 
or  feed  control  In  all  directions  froa  the  plant  out  to  five  times  the 
distance  planned  for  evacuation  and  in  predominantly  downwind  directions 
out  to  about  50  to  100  miles.  Controls  over  greater  distances  could 
be  needed  If  the  wind  persisted  In  a  single  direction  for  an  extended 
period.  If  pasture  and  feed  control  actions  have  been  Implemented  (even 
If  only  partially  Implemented) ,  noncontamlnated  milk  supplies  may  be 
available  at  least  for  critical  users. 

▲11  milk  producers  In  the  affected  area  should  be  restricted  froa 
using  or  distributing  milk  until  monitored.  If  monitoring  of  all  milk 
supplies  la  a  constraint,  monitoring  efforts  could  be  concentrated  on 
milk  supplies  where  pasture  and  feed  control  bed  been  Implemented  and 
on  the  fringes  of  the  contaminated  area. 

The  planner  can  reduce  the  effect  of  constraints  related  to  uncon- 
taninated  feed  supplies  sad  processing  plants  by  Identifying  their 
locations  and  procedure  for  access. 

Baslstaace  by  milk  producers  to  protective  actions  for  milk  may 
be  reduced  by  the  planner  having  answers  to  questions  regarding  reim¬ 
bursements  of  eosts  Incurred  by  the  producer. 
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1.6. 3.7  Food  Control 


Food  exposed  to  airborne  radioactive  materials  may  become 
contaminated  by  deposition  of  radioiodine  and  particulate  material. 

To  avoid  population  exposure  from  ingestion  of  these  materials,  the 
response  planner  should  consider  the  following  protective  actions  for 
short  term  protection. 

(1)  Prohibition  on  use  of  potentially  contaminated  food  such 

as  field  and  orchard  crops  and  substitution  from  uncontamina¬ 
ted  supplies. 

(2)  Decontamination. 

The  primary  constraint  on  the  use  of  these  controls  will  be  the 
availability  of  adequate  substitute  supplies  at  a  reasonable  cost. 

If  ocher  supplies  are  not  available  or  the  cost  is  high,  then  it  may 
be  necessary  to  Implement  decontamination  procedures.  For  protection 
beyond  a  few  days  where  availability  and  cost  constraints  would  be 
more  critical,  than  decontamination  mey  be  even  more  cost  effective. 

The  primary  means  of  decontamination  would  be  through  washing  and 
peeling  (where  appropriate)  of  fresh  fruits  and  vegetables.  The  con¬ 
straints  on  such  procedures  vould  be  the  ability  to  monitor  the  decon¬ 
taminated  items  to  assure  adequate  decontamination .  Monitoring  of 
food  will  likely  be  a  much  demanded  service  both  by  the  individual 
farmer -consumer  and  by  the  distributor. 

Other  alternative  controls  would  be  to  Impound  food  stocks  and 
store  them  to  allow  decay  of  radiation  levels  or  destroy  them  to  prevent 
consumption.  The  mala  constraint  on  these  alternatives  would  be  spoilage 


1.46 


and  cha  value  of  the  food  stocks  in  relation  to  the  costs  of  storage 
or  destruction. 

1.6. 3. 8  Water  Control 

Water  nay  be  contaminated  either  by  direct  release  of  radio¬ 
nuclides  to  surface  waters  or  by  deposition  from  an  atmospheric 
release.  Water  reservoirs  supplied  by  land  surface  run-off  or 
cisterns  supplied  by  roof  run-off  would  be  most  severely  affected 
by  atmospheric  deposition,  whereas  reservoirs  supplied  from  streams 
and  lakes  would  be  moat  affected  by  contaminated  liquid  effluents. 

Spring  and  well  water  should  not  be  affected  by  an  accidental  release 
of  radioactive  material  to  the  atmosphere  or  to  waterways.  However, 
springs  or  wells  that  appear  muddy  after  a  rain  might  be  suspect  and 
should  be  monitored  after  a  rain  if  they  are  in  the  area  receiving 
heavy  deposition.  Some  accident  scenarios  involve  fuel  melting  its 
way  into  the  soil,  and  such  a  condition  could  contaminate  underground 
water  supplies. 

The  protective  actions  for  water  can  be  either  to  prevent  contamina¬ 
tion  or  decontamination  of  the  water  supply  or  to  condemn  the  use  of 
the  water  for  consumption. 

In  the  case  of  reservoirs  supplied  from  surface  or  roof  run-off, 
prevention  of  reservoir  contamination  would  not  be  possible  unless 
methods  existed  for  diverting  the  run-off.  Reservoirs  receiving  their 
supply  from  a  stream  or  lake  normally  era  filled  through  pumping  and 
filtration  stations  which  are  controlled  by  operators.  These  stations 
could  be  shut  off  if  the  source  of  the  water  supply  became  contaminated. 
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This  may  also  ba  true  for  food  procassors  using  a  stream  or  laka 
directly  for  chair  water  supply.  Many  reservoirs  supply  water  to 
Municipal  systems  through  a  filtration  plant.  Such  a  plant  would 
tend  to  decontaminate  the  water  supply,  and  monitoring  of  water  after 
filtration  would  provide  data  that  should  be  taken  Into  consideration 
in  the  process  of  deciding  whether  or  not  to  condemn  the  supply. 

The  constraints  associated  with  restrictions  on  supplies  to 
reservoirs  or  condemnation  of  water  systems  are  related  to  the 
difficulties,  hardships,  and  costs  associated  with  the  resulting 
shortage  of  water  supplies.  If  the  planner  determines  that  these 
protective  actions  may  be  appropriate  for  particular  water  systems, 
he  should  also  identify  the  hardships  that  may  result  and  plan  methods 
for  alternative  supplies.  These  may  Include  rationing  of  uncontaalaatad 
supplies,  substitution  of  other  beverages.  Importing  water  from  other 
uncontaalnatsd  areas,  and  the  designation  of  certain  critical  users 
that  could  be  allowed  to  use  contaminated  supplies.  These  might  be 
fire-water  systems  and  process  cooling  systems. 

1.6. 3. 9  Restorative  Actions 

A.  Lifting  Protection  Controls 

The  lifting  of  controls  for  protective  actions  may  be  justified 
on  the  basis  of  cost  savings  when  the  corresponding  health  risks  have 
been  adequately  reduced.  For  example,  the  costs  to  the  public  and 
the  State  In  maintaining  access  control,  pasture  control,  milk  control, 
or  food  and  water  control  will  exceed  the  risk  reduction  value  of 
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these  control*  after  com  period,  end  in  the  controls  should  be 
lifted.  The  costs  for  these  controls  will  be  relatively 

constant  with  respect  to  tlM  while  their*  significance  in  reducing 
risk  will  decrease  as  the  source  of  radionuclides  is*  halted  and 
the  released  nuclides  disperse  or  decay  away.  Therefore,  It  My  be 
desirable  to  lift  controls  even  though  som  additional  dose  My  be 
accrued. 

B.  Reentry 

After  evacuation,  persona  will  be  allowed  to  reenter  the  sone 
when  the  potential  radiation  risk  has  been  averted  or  reduced  to 
guide  levels  for  members  of  the  general  population.  However,  it  My 
be  necessary  for  certain  essential  personnel  to  return  even  before 
the  dose  Is  reduced  to  these  guide  levels.  Zn  addition,  reentry 
My  be  allowed  earlier  for  leas  radiosensitive  persons  such  as  adult 
Mies  who  My  need  to  return  to  their  hosu  or  jobs.  The  criteria 
for  reentry  will  require  a  balancing  of  remaining  radiation  risk 
such  as  from  ground  contamination  and  the  cost  of  disrupted  services, 

-jj  n  lpj|pfgggM«  etc*  B  {jflP  tb*  •v*cuation.  Tin*  is  not  a 

constraint  on  reentry  except  as  a  factor  In  the  cost  of  remaining  out 
of  the  evacuated  area. 

C.  Decontamination 

The  movement  of  radionuclides  along  sevaral  pathways  involving 
milk,  food,  and  water  may  result  in  prolonged  contamination.  Kach  of 
these  elements  My  require  processing  to  r amove  radioactive  contaminants 
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prior  Co  cons  tap Cion.  la  each  ease,  Ch«  radionuclide  concentrations 
would  be  reduced  to  levels  "*s  low  as  practicable"  cowneasurat*  with 
treacaeat  costs. 
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CHAPTER  2 


Protective  Action  Guides  for  Exposure 
to  Airborne  Bedloeetlve  Materials 


Introduction 

Following  an  incident  Involving  a  release  of  radioactive 
material  to  the  atmosphere,  there  may  be  e  need  for  rep Id  action 
to  protect  the  public  from  radiation  exposure  from  Inhalation 
and/or  froa  whole  body  external  radiation.  This  chapter  provides 
Protective  Action  Guides  (PAGs)  for  whole  body  external  game 
radiation  and  for  inhalation  of  radioactive  aaterlal  In  an  air¬ 
borne  plusw.  A  person  who  Is  exposed  to  the  plume  of  airborne 
radioactive  aaterlals  aay  also  be  exposed  at  e  later  date  from 
contaminated  food,  water,  or  other  pathways.  However,  the  PACe 
In  this  chapter  refer  only  to  the  exposure  received  directly 
froa  the  airborne  plume.  The  emergency  response  situation  addressed 
In  this  chapter  Is  the  period  froa  initiation  of  an  atmospheric 
release  until  perhaps  two  to  four  days  after  the  event  occurs. 

During  this  period,  the  principal  effort  would  be  directed  toward 
protection  of  the  public  from  direct  exposure  to  the  plume  or  froa 
inhalation  of  radioactive  material  In  the  plume, 

e 

It  la  Important  to  recognise  that  the  PAGs  are  defined  In 
terms  of  projected  dose.  Projected  dose  Is  the  dose  that  would  be 
received  by  the  population  If  no  protective  action  were  taken.  For 
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these  PAGs,  the  projected  dos«  does  not  include  dose  that  may  bm 
boon  rocolvod  prior  to  tho  time  of  ostlaotlng  the  projoctod  doso. 

For  protective  actions  to  bo  Boot  of factlvo,  they  anat  bo  lnatltutod 
before  exposure  to  tbo  pluao  begins.  PAGs  should  bo  considered 
mandatory  values  for  purposes  of  planning,  but  under  accident  con¬ 
ditions,  the  values  are  guidance  subject  to  unanticipated  conditions 
and  constraints  such  that  considerable  judgment  nay  be  required  for 
their  application. 

2.1  Whole  Body  External  Exposure 

A  radioactive  plume  will  consist  of  gaseous  and/or  particulate 
material.  Either  of  these  can  result  in  whole  body  external  expo¬ 
sure.  Measurements  or  calculations  of  environmental  levels  of 
radioactivity  are  usually  In  terms  of  exposure.  To  translate  from 
whole  body  gams  exposure  to  whole  body  dose  requires  a  correction 
factor  of  approximately  0.67.  However,  due  to  the  many  uncertain¬ 
ties  in  projecting  dose  from  exposure  to  a  plume,  it  is  generally 
conservatively  assumed  that  gamma  exposure  and  whole  body  gama 
dose  are  equivalent. 

Recommended  PAGa  for  emergency  response  in  the  case  of  whole 
body  external  exposure  to  radionuclides  in  the  atmosphere  are 
suamarlzed  in  table  2.1.  These  guidelines  represent  numerical 
values  as  to  whan,  under  the  conditions  most  likely  to  occur. 
Intervention  Is  indicated  to  avoid  radiation  exposure  that  would 
otherwise  result  from  the  Incident.  Whan  ranges  are  shown,  the 
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Table  2.1  Protective  Action  Guides  for  Whole  Body 
Exposure  to  Airborne  Radioactive  Materials 


Population  at  Sisk 

Projected  Whole  Body 

Ganns  Dose  (Bern) 

General  population 

1  to  5(a) 

Emergency  workers 

25 

Lifesaving  activities 

75 

(*)whaa  ranges  are  shown,  the  lowest  value  should  be  used  If 
there  are  no  major  local  constraints  In  providing  protection  at 
that  level,  especially  to  sensitive  populations.  Local  con¬ 
straints  way  sake  lower  value ■  Impractical  to  use,  but  in  no 
case  should  the  higher  value  be  exceeded  In  determining  the  need 
for  protective  action. 
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2.2.2  *”*»•“*■  to  Particulate  Material  In  a  Plane 

This  — ctlon  is  being  developed. 

2.3  Interpretation  of  PAGa 

Tbs  guldss  for  tbs  gsasral  population  llstsd  In  tablas 
2.1  and  2.2  wars  arrivad  at  In  eonsldaradon  of  protacdon  of 
tha  public  from  early  sffscta  of  radiation  and  maintaining  tbs 
delayed  biological  af facta  at  a  low  probability.  Consldaration 
has  baan  nada  of  tbs  h*gh«-  sensitivity  of  childran  and  pregnant 
woman  and  tha  nead  to  protect  all  nanbara  of  tha  public.  Con¬ 
sldaration  baa  also  baan  nada  that  personnel  nay  continue  to 
be  exposed  via  sobs  pathways  after  tha  pluna  passes*  and  that 
additional  PACs  nay  have  to  be  applied  to  tbase  expoeure  pathway*. 

Share  a  range  of  valnaa  is  presented,  the  lower  guide  is  a 
suggested  level  at  which  the  responsible  officials  should  consider 
protective  action  particularly  for  the  wore  sensitive 
populations  Indicated  above.  The  higher  guide  la  a  mandatory 
level  at  which  the  respective  governmental  agency  should  plan  to 
taka  affective  action  to  protect  the  general  public  unlees  the 
action  would  have  greater  risk  than  the  projected  doee. 

At  projected  doses  below  the  lower  guide*  responsible 
officials  may  suggest  voluntary  action  available  to  the  public 
at  risk.  This  should  be  done  with  tha  philosophy  that  popula¬ 
tion  doses  be  kept  as  low  as  possible  as  long  as  the  affects  of 
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action  are  not  aora  basardoua  than  tha  projactad  doaa.  Tba 
concept  of  voluntary  action  and  tha  types  of  aetlon  that  nay  bo 
coosldarad  vara  diaeuaaad  in  Chapter  1. 

Tha  naad  for  aelaetad  populations ,  such  as  ansrgancy  roaponaa 
taaa  nanbers  and  persons  involved  in  lifesaving  activities,  to  be 
allowed  higher  exposures  than  tha  general  public  is  In  line  with 
policies  wherein  these  categories  of  individuals  normally  accept 
greater  risk.  Public  safety  and  nuclear  plant  personnel  will  be 
essential  to  provide  services  for  tha  public  even  though  they  nay 
receive  a  greater  radiation  exposure. 

In  the  event  greater  exposures  to  aelaetad  populations  are 
required  to  save  lives,  these  should  be  taken.  However,  If  tbs 
radiation  injury  In  these  lifesaving  activities  Is  excessive, 
the  bam  nay  exceed  the  good,  so  sobs  restrictions  nust  be  nada. 

Because  of  the  variations  In  sensitivity  of  the  population 
to  radiation  affects  and  in  local  conditions  (weather,  etc.),  a 
range  of  values  is  race-ended  for  the  general  population.  Hbera 
selective  protective  actions  (l.e.  evacuation)  for  the  g— 
population  la  possible,  children  and  women  of  childbearing  age 
should  be  protected  at  the  lower  levels  of  tha  range,  k  farther 
interpretation  of  the  range  Is  that  plans  should  be  wade  to  consider 
organised  protective  action  at  the  lower  end  of  the  range  whereas  It 
1*  mandatory  that  plans  be  made  to  Ifil  sssrit  protective  aetlsn  at  tba 
upper  and.  However,  if  no  constraints  existed,  tha  lower  range  should 

2.7 
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ai ways  b«  oMd.  Since  constraints  exist  os  a  local  basis  uadar 
dlffsrsst  conditions,  tbs  range  allows  adjustment  by  local . 
officials  dor ins  tbs  planning  stags  for  special  local  problems 
as  discussed  In  Chapter  1. 

Tbs  values  given  for  esergeney  workers  recognise  the  need 
for  sosm  civil  functions  to  continue  in  the  event  of  an  evacu¬ 
ation  of  the  general  population.  The  risks  are  considered  to  be 
warranted  when  necessary  on  the  basis  of  the  Individual  exposure 
and  the  benefits  derived.  Zn  such  cases,  precautions  should  be 
taken  to  alalnlse  exposures  to  nergency  workers. 

FACs  for  lifesaving  Missions  are  given  for  those  persons 
whose  normal  duties  sight  involve  such  tales loos,  i.s. ,  police, 
fir  ansa,  radiation  workers,  etc.  These  guides  would  noraally 
be  United  to  healthy  salsa.  Ho  specific  upper  Units  are 
given  for  thyroid  exposure  since  In  the  ex traps  case,  conplete 
thyroid  loss  night  be  an  acceptable  penalty  for  a  life  saved. 
However,  this  should  not  be  necessary  if  appropriate  protective 
measures  for  rescue  personnel  are  available  as  the  result  of 
adequate  planning.  For  example,  respiratory  protection  and/or 
stable  iodine  for  blocking  thyroid  uptake  of  radioiodine  should 
be  available  to  the  extant  possible  for  personnel  involved  In 
lifesaving  missions  and  other  emergency  actions.  The  issuance 


of  stable  iodine  must  be  In  accordance  with  state  medical  proceduri 
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CHAPTER  5 


Application  of  Protective  Action  Guides 
for  Exposure  to  Airborne  Radioactive  Materials 
from  co  Accident  at  a  Nuclear  Power  Facility 

5*0  Introduction 

This  chapter  deals  with  methods  far  estimating  population  dose 
from  plume  exposure  based  on  release  rates  and  meteorological 
oonditions  or  based  on  offsite  radlologioal  measurements.  It  also 
provides  giidanoe  for  comparison  of  projected  dose  with  PACs  for 
decisions  on  protective  actions.  These  dose  projection  methods  are 
reooan ended  for  use  by  State  and  local  officials  for  development  of 
operational  plans  far  responding  to  incidents  at  nuclear  power 
facilities. 

Following  a  radlologioal  incident  involving  an  atmospheric 
release  that  may  require  protection  of  the  public.  State  authorities 
will  need  Information  to  make  decisions  on  what  protective  actions 
to  Implement  and  where  they  should  be  implemented.  The  information 
needed  includes  (1)  Protective  Action  Quides  adjusted  for  local 

situations  and  (2)  projected  doses  in  specific  areas  far  oomperison 

* 

to  the  Quides.  Protective  Action  Quides  were  provided  in 
Chapter  2.  Projected  doses  must  be  determined  on  the  basis  of  data 
available  following  the  incident.  These  data  may  acme  from 
(1)  plant  conditions,  (2)  release  rates  and  meteorological 
oonditions,  or  (?)  offsite  radiological  measurements,  or 
combinations  thereof. 
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The  methods  presented  la  this  Chapter  for  relating  data  at  the 
tlae  of  the  Incident  to  projected  dose  are  re  nn— ended  for  use  In 
development  of  operational  response  plans  for  ataospherlo  releases 
at  nuolaar  power  facilities. 

Pinners  are  encouraged  to  improve  on  the  methods  where 
possible  and  to  altar  than  as  necessary  to  respond  to  special 
circumstances.  State  planners  should  specifically  consider  the  use 
of  any  lap roved  dose  projection  methods  developed  by  the  nuclear 
facility  operator. 

5.1  Release  Asaiaptions 

The  guidance  in  this  Chapter  Is  direotly  related  to  releases  to 
the  atmosphere  that  have  been  postulated  for  nuclear  power 
faculties.  WASH- 1400  O)  indicates  that  should  there  be  an 
accident  at  a  nuclear  power  station,  there  is  an  extransly  wide 
speotrua  of  different  kinds  of  possible  releases  to  the  atmosphere 
and  different  time  frames  for  releases  depending  on  the  severity  and 
the  exact  sequence  of  the  failure  modes. 

\  nuclear  power  reactor  may  suffer  a  loss  of  coolant  but> 
without  a  meltdown  of  the  reactor  core.  For  this  olaaa  of  accident, 
the  release  to  the  atmosphere  should  be  mostly  radioactive  noble 
gases  and  iodines.  Accidents  of  increasingly  larger  environmental 
impact  would  occur  in  association  with  a  meltdown  of  the  reactor 
oore  and  eventual  loss  of  oontalnment  integrity.  This  class  of 
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accident  could  release  quantities  of  radioactive  particulate 
material  u  mil  as  the  radioactive  noble  |u«  and  iodines. 

Hswrar,  for  planning  purposes,  it  is  raooan ended  that  rmdioiodiaes 
be  assumed  to  represent  the  principal  contributor  to  inhalation 
dose,  and  for  situations  where  whole  body  dose  fron  the  plum  would 
be  tbs  controlling  exposure  pathway,  it  ahould  be  assuned  that  noble 
gases  would  be  the  principal  contributors. 

Guidance  an  tine  frame  for  releases  oannot  be  vary  specific 
because  of  the  wide  range  of  tine  frame  that  could  be  associated 
with  the  potential  speotnsa  of  aocidants  that  could  occur. 

Therefore,  it  will  be  necessary  far  planners  to  consider  tbs 
possible  different  tlm  periods  between  the  initiating  event  and 
arrival  of  the  plum  and  possible  tlm  periods  of  releases  in 
relationship  to  tlm  needed  to  hnpleaant  protective  actions.  The 
Heeotor  Safety  Study  indlaates,  for  exasple,  that  major  releases  aay 
begin  in  the  range  of  one-half  hour  to  as  auob  as  30  hours  after  an 
initiating  event  and  that  the  duration  of  the  releases  aay  range 
fro*  one-half  hour  to  several  days  with  the  major  portion  of  the 
release  occurring  within  the  first  day.  In  addition,  significant 
plum  travel  tlaas  are  associated  with  the  no at  adverse 
meteorological  conditions  that  night  result  in  large  potential 
exposures  far  frm  the  site.  For  example,  under  poor  dispersion 
conditions  associated  with  low  wind speeds,  two  hours  or  sore  night 
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be  required  far  the  pluae  to  travel  a  distance  of  five  Biles. 

Higher  wlndspeeds  would  result  in  sbortsr  travel  tlaea  but  would 
provide  sore  dispersion,  asking  high  exposures  at  long  distances 
such  leas  likely.  Additional  inforaation  on  tlae  f rases  for 
releases  aay  be  found  in  Reference  (7). 

5.1.1  Radioactive  Hoble  Gas  and  Radio Iodine  Releases 

For  on  ataospherio  release  at  a  nuclear  power  facility  that 
involved  only  noble  gases  sad  radioiodines,  it  would  usually  be 
conservative  to  assuaa  that  100  percent  of  the  equilibrium  noble  gas 
inventory  and  25  per cent  of  the  equilibrium  radiolodine  inventory1 
would  be  available  far  release  froa  containment.  In  the  absence  of 
more  accurate  information  froa  the  facility  operator  regarding  the 
release  composition,  it  should  be  assumed  that  this  composition  is 
released  to  the  environ  mint.  The  relative  abundance  of  radioiodines 
and  noble  gases  in  a  actual  release  froa  containment  would  be  a 
function  of  the  effectiveness  of  engineered  safeguards  (e.g., 
filters,  spray  systeas,  and  scrubbing  systems )  in  removing  each 
ooaponant. 


1Thia  assumption  is  in  agree  eat  with  HRC  guidance  (2,5,6)  on 
aasuaptlons  that  aay  be  used  in  evaluating  the  radiological  ” 
consequences  of  a  loss  of  ooolant  accident  at  a  light  water  cooled 
nuolesr  power  facility. 
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Table  3.1  of  4 pp tod lx  D  suaxarizes  tbe  total  quantities  of 
rediolegioelly  significant  gaseous  radionuclides  that  would  be  la 
inventory  under  equiUbriua  conditions  far  a  1000  Mfe  plant. 
Calculations  of  tbe  projected  population  dose  based  on  a  release 
nix turn  consisting  of  100*  of  tbs  noble  -gases  and  25*  of  tbe 
radioiodines  indicate  tbat  tbe  thyroid  dose  froa  inhalation  of 
radioiodine  ranges  up  to  U00  tines  greater  than  tbe  whole  body  gaana 
dose  from  noble  gases  and  rmdioiodines.  However,  if  tbe  engineered 
safeguards  function  as  designed,  they  should  reduce  tbe  iodine 
concentration  such  tbat  tbe  whole  body  gaana  radiation  exposure  froa 
noble  gases  would  be  tbe  controlling  pathway. 

5.1.2  Radioactive  Particulate  Material  Releases 

Except  far  the  nost  severe  and  laprobable  accidents  postulated 
by  WASH-1400 ,  protective  actions  (prophylaxis  iodine  exoepted) 
chosen  on  tbe  basis  of  aasuaing  the  iodine  exposure  pathway  is 
critical  (figure  5.2)  should  be  sufficient  to  provide  protection 
froa  radioactive  particulate  aaterial.  This  particulate  aaterial 
will  deliver  an  additional  dose  to  tbe  lung  and  to  tbs  whole  body 
froa  aaterial  looatad  in  tbe  lung.  However,  it  is  not  anticipated 
that  lung  exposure  would  represent  tbe  controlling  exposure  pathway 
for  accidents  at  nuclear  power  facilities. 

5.2  SegujmeejsfJBventa 

Following  an  incident  at  a  nuclear  power  faoility  involving  a 
release  to  tbe  ataosphere,  tbs  nost  urgent  protective  notions  in 
terae  of  response  tlae  will  be  those  needed  to  protect  tbe 
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population  from  inhalation  of  radioactive  materials  la  tbs  pluaa  sad 
froa  direct  whole  body  exposure  to  gansa  radiation  froa  tbs  pluaa. 
Tbs  tias  of  erasure  to  tbs  pluas  aan  bs  divided  into  two  periods; 
(1)  tbs  period  isBedlately  following  tbs  incident  when  little  or  no 
environmental  data  are  available  to  oonflra  tbs  seriousness  of 
population  exposures,  and  (2)  a  period  when  environmental  levels 
and/or  concentrations  are  know.  During  the  first  period,  speed  for 
completing  suob  actions  as  evaauation,  seeking  shelter,  and  aooess 
control  asy  be  oritioal  to  aiaiaize  exposure  in  areas  where  PAOs  are 
postulated  to  be  exceeded,  furthermore,  environmental  namaurananta 
Bade  during  this  period  Bay  bave  little  Beaning  because  of 
uncertainty  concerning  pluaa  location  when  aaasuraaents  were  Bade  or 
ixxcertainty  ooneerniag  changes  in  release  rate  due  to  obanges  la 
pressure  and  radionuclide  concentrations  within  containment. 
Therefore,  it  would  generally  be  advisable  to  initiate  early 
predetermined  protective  notions  on  tbe  basis  of  dose  projections 
provided  by  tbe  facility  operator.  During  tbe  second  period  wben 
envlrcoaental  levels  are  known,  these  notions  can  be  adjusted  as 
appropriate. 

For  accidents  involving  a  release  to  tbe  ataoephere  at  a 
nuclear  power  facility,  tbe  following  sequence  of  events  is 
suggested  to  ninlalze  population  erasure. 
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(1)  Motif lattice  by  the  facility  operator*  that  an  incident 
Mm  occurred  with  potential  to  o auaa  offaite  projected 
dosee  that  axoesrt  the  PAQa.  Thia  notification  should  be 
provided  as  soon  aa  possible  following  the  incident  and 
prior  to  the  release  if  poMible. 

(2)  T— odists  evaouatlon  or  shelter  of  populations  in 

p  rede  signs  ted  areas  without  waiting  far  confining  release 
rata  aeasureaenta  or  environmental  radiation  aeaaureaents. 

(3)  Monitor  gaMa  exposure  rates  (and  iodine  concentrations  if 
possible)  In  the  anvirooneat.  The  facility  operator 
should  aonltor  release  rates  and  plant  conditions. 

(4)  Calculate  pluM  centerline  exposure  rate  at  various 
distances  downwind  fron  the  release  point,  or  use  prepared 
isopleths  to  eatimte  exposure  rates  in  downwind  areas. 

(5)  Use  exposure  rates,  airborne  concentrations,  and  estlnated 
erasure  duration  to  convert  to  projected  dose. 

(6)  Coopers  projected  dose  to  PiOs  and  adjust  areas  far 
protective  actions  as  iadiostod. 

(7)  Continue  to  sake  adjustments  as  more  data  b  so  one  available. 
5.2.1  Accident  notification 

Tha  first  indication  that  a  nuclear  aeeidant  has  oocuirsd 
should  ooos  to  State  authorities  fron  the  facility  operator.  The 
notification  from  a  nuclear  power  facility  to  the  State  and  local 
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response  organisations  should  include  an  astlants  of  tbs  projected 
doae  to  tba  population  at  tbs  slta  boundary  and  at  nore  distant 


locations  along  with  estimated  tins  frames.  Tba  State  emergency 
response  planners  should  make  arrangements  with  tba  facility 
operator  to  assure  this  information  will  be  made  available  on  a 
timely  basis  (within  1/2  hour  or  leas  following  the  incident  and 
prior  to  the  start  of  the  release)  and  that  it  will  be  provided  in 
units  that  can  be  compared  to  PAGs  (l.e.,  projected  dose  in  rem  to 
the  whole  body  or  thyroid). 

5.2.2  Tn— rtlate  Actions 

Tbs  Planning  Basis  (?)  reeoamands  that  States  designate  an 
bergenay  Planning  Zona  (EPZ)  for  protective  actions  for  plume 
exposure  out  to  about  10  miles  from  a  nuolemr  power  facility. 

Within  this  distanoe  it  may  also  be  practical  to  pin  an  area  for 
immediate  response  prior  to  tbe  availability  of  information  for 
making  doae  projeotions.  This  could  be  a  circular  area  described  by 
a  designated  radial  distanoe  from  tbe  facility.  Actions  would  be 
takn  within  approximately  a  90  degree  sector  downwind  out  to  tbe 
designated  distanoe  baaed  on  notification  from  tbe  facility  operator 
that  plant  oonditions  exist  which  present  a  potential  for  offsite 
doses  in  excess  of  tbe  PAGs.  Tba  remaining  area  out  to  tbe  EPZ 
would  be  plaeed  on  alert  pending  more  information.  When  additional 
information  or  forecasts  on  wind  direotion  and  meteorology  became 
available,  decisions  could  be  made  an  additional  areas  for 
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protective  actions.  With  food  aeteorologiaal  sad  wind  direction 
information,  it  might  be  possible  to  raduoa  tbs  width  of  tbs  soetor 
for  protective  actions.  However,  if  wind  direotion  is  variable  or 
if  tbs  start  of  tbs  rslsass  is  delay ad,  or  if  tbs  roloasa  duration 
is  long,  tbs  widtb  of  tbs  ssetor  aay  ineraass  or  possibly  sxtand  to 
a  complete  oirols.  Tbs  import an os  of  good  inforaation  and  fora oasts 
on  wind  direction  oannot  ba  overespbaalaed. 

Tbs  designated  distanos  for  immediate  actions  would  ba  used 
only  in  situations  wbere  tbs  facility  operator  oould  not  estimate 
offsite  projected  doses.  If  tbs  facility  operator  provides 
projections  of  population  dose,  then  these  should  be  used  by  tbs 
State  to  detensiaa  tbs  downwind  distanoe  for  iaaediate  action  in 
lieu  of  tbs  predesignated  distanoe.  Tbs  outar  edge  or  tbs  low 
population  sons  is  a  suggested  radial  distanoe  for  mediate  actions 
in  tbs  absence  of  reasons  for  other  distsnoes. 

5.3  Establishment  of  Exposure  Rats  Patterns 

During  or  following  initial  actions  to  proteot  tbs  close-in 
population,  enTiroasental  exposure  rata  measurements  should  be  sads 
to  provide  a  data  base  for  projecting  dose  and  for  reevaluating  tbs 
need  for  additional  protective  actions  or  termination  of  tboee 
actions  already  taken.  Planning  guidance  far  tbs  oolleotlon  of 
tbese  data  is  provided  in  Appendix  A.  (Dots:  Appendix  A  is  still 
under  development .  teferenoe  (8)  will  fora  tbs  basis  for  Appendix  A 
and  is  recommended  as  an  alternate  source  of  information.) 
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After  obtaining  exposure  rataa  or  ooaooetrationa  at  aalaetad 

locations  la  tbo  environment,  tboso  oust  bo  translated  to  additional 

locations  to  Identify  the  pattern  of  tbe  exposed  area.  Exposure 

rate  patterns  based  on  a  few  downwind  aeasureneata  can  be  estlaated 

in  a  variety  of  ways.  One  sinple  way  Is  to  naasuro  pluae  centerline 
2 

exposure  rate  at  ground  level  at  sons  known  distance  from  tbe 
release  point  and  use  these  data  to  calculate  exposure  rates  at 
otber  designated  distances  downwind  by  assuaing  that  tbe  cloud 
oen tar line  exposure  rate  Is  Inversely  proportional  to  tbe  distance 
froa  tbe  release  point. 

Tbe  following  relationship  can  be  used  far  this  aelaulatian: 


-) 


Where:  D1  *  expoeure  rate  aeasured  at  distance  H1 
Dj,  e  exposure  rate  at  dlstanoe  R2 
x  e  rate  of  diffusion  as  a  function  of  dlstanoe. 

This  relationship  aan  be  used  to  develop  a  crude  pattern  of 
estlaatad  expoeure  rates  by  asstaring  that  x  «  1.5  and  that  tbe 


aThe  oanterllna  exposure  rate  oan  be  detaradaed  by  traversing 
tbs  plane  at  a  point  sufficiently  far  downwind  (usually  greater  than 
one  alia  froa  tbe  site)  while  taking  continuous  expoeure  rate 
aeasureaants.  The  highest  reading  should  be  at  tbe  oentarllne  of 
tbe  pluae. 
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exposure  rate  calculated  for  the  plus*  centerline  would  alao  exist 
at  points  equidistant  from  the  souroe  in  the  general  downwind 
direction. ^  To  use  this  method,  one  must  he  sure  that  the 
exposure  rate  measurement  is  taken  at  or  near  the  plume  centerline. 

A  second  and  easier  method  for  estimating  exposure  rate 
patterns  Is  to  use  a  series  of  prepared  exposure  rate  isopleths 
(maps  with  lines  connecting  points  of  equal  exposure  rates)  plotted 
on  transparencies.  These  isopleth  plots  are  frequently  available 
from  the  lioensee,  thus  eliminating  the  need  for  the  State  to 
develop  them.  Since  both  the  meteorological  stability  class  and  the 
wlndspeed  existing  at  the  time  of  the  release  affect  the  shape  of 
the  exposure  rata  Isopleth  curves,  several  sets  of  curves  would  be 
needed  to  represent  the  variety  of  stability  conditions  and 
irlodspeeds  likely  to  exist  at  that  site.  The  appropriate 
transparency  oan  be  selected  on  the  basis  of  wlndspeed  and 
aeteorologlaal  conditions  at  the  time  of  the  incident.  The 
transparency  can  then  be  placed  over  a  map  of  the  area  that  has  the 
same  scale  as  the  isopleth  curves  such  that  the  curves  are  properly 
oriented  with  regard  to  wind  direction.  The  Isopleth  curves  are 


3The  value  of  1.5  for  x  Is  for  average  meteorological 
conditions.  If  the  aeteorologlaal  stability  condition  is  known,  it 
would  be  sore  aeourate  to  use  x  ■  2  for  stability  classes  A  snd  B; 
x  e  1.5  for  classes  C  and  D;  and  x  «  1  far  classes  B  and  F. 
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used  to  •stint*  exposure  rate  by  plotting  the  exposure  rates  known 
at  specific  locations  an  tbs  curves.  Exposure  rates  at  other 
looatlocs  are  simple  multiples  of  tbs  know)  exposure  rates  as 
indicated  by  the  multipliers  associated  with  each  curve. 

A  third  alternative  for  determining  exposure  rate  patterns  is 
to  obtain  gaama  exposure  rate  measurements  at  a  large  number  of 
locations  and  plot  tbeae  data  on  a  map  of  tbe  area.  This  method 
would  provide  tbe  most  accurate  data  but  would  require  a  large 
lumber  of  radiation  instruments  and  trained  persons  to  make  the 
measurements  as  well  as  a  method  for  ooueunioating  tbe  data  to  the 
control  center  on  a  continuing  basis.  This  method  is  primarily 
reooM ended  far  developing  information  for  determining  the  need  to 
revise  previous  protective  action  reooMsndatlons.  Protective 
actions  for  plume  exposure  should  be  taken  prior  to  plume  arrival, 
if  possible. 

5. A  Pose  Projection 

The  projected  dose  (or  dose  nniurt tment  in  tbe  case  of  inhaled 
radionuclides)  should  be  oal quieted  only  for  tbe  early  phase  of  an 
Marganey.  Early  phase  includes  the  duration  of  tbe  plume  exposure 
for  Inhalation  PICa  and  19  to  2  to  4  days  following  tbe  accident  for 
whole  body  exposure.  Exposures  that  may  have  occurred  before  the 
dose  projection  Is  made  are  not  normally  to  be  used  for  evaluating 
the  need  for  protective  actions.  Radiation  doses  that  might  be 
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reoelved  at  latar  tines  following  an  aecldent  alao  should  not  b« 
inoludad  within  tbs  projected  doss  for  this  oxidanoe.  Thsss  lattsr 
dosss,  which  say  bs  from  reentry  opsrations,  food  pathways,  or  long 
tsra  groundshine  ars  ooaaittsd  over  a  longer  tins  pariod  and  will 
require  diffarant  kinds  of  protective  actions.  Tbarafora,  they  will 
require  separata  gul danoe  raooaaandations  to  ha  addressed  in 
subsequent  chapters. 

The  best  aetbod  for  early  dataraination  of  the  need  for 
protective  actions  1 Mediately  following  an  incident  and  prior  to 
the  start  of  the  release  is  for  the  facility  operator  to  estiaate 
potential  offsite  dose  based  an  infamatlan  in  tbe  control  roan 


using  relationships  developed  during  the  planning  stage  that  relate 
abnoraal  plant  conditions  and  aeteorologlaal  conditions  to  potential 
offsite  doses.  After  tbe  release  starts  and  tbe  release  rate  is 
aeasurable  and  when  plant  conditions  or  instruaantatlon  oan  be  used 
to  estiaate  tbe  character istlos  of  tbe  release  and  release  rate  as  a 
function  of  tine,  t^ep  they  factor*,  alonfjfi^aeteogologlaal 
conditions  and  wind speed  and  direction,  oan  be  used  with  techniques 
presented  here  to  estiaate  projected  dose.  Projected  dose  oan  also 


be  determined  on  the  basis  of  environmental  measurements  when  these 


are  available.  Prooedures  are  provided  herein  to  use  either  release 
rates  or  environmental  measurements  to  project  dose.  Supporting 
documentation  for  tbe  prooedures  is  provided  in  Appendix  D. 
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5.4.1  Duration  of  Exposure 

Dos*  ppojsotion  is  s  function  of  tbs  tins  integrated  exposure 
rat*  or  of  the  tla*  Integrated  concentration.  Although  exposure 
rate  would  aost  likely  very  with  tine,  this  relationship  cannot  be 
predicted.  Far  purposes  of  these  calculations,  exposure  rata  is 
assuaed  to  be  constant  over  the  exposure  period.  Therefore, 
projected  dose  bee  ones  a  product  of  exposure  rate,  duration  of 
exposure,  and  a  dose  conversion  factor. 

The  tiae  period  of  exposure  asy  be  difficult  to  predict. 
Exposure  would  start  at  a  particular  site  when  the  plune  arrived  and 
would  be  ended  by  a  change  in  wind  direction  or  by  an  end  to  the 
release.  It  is  very  important  that  arrangeaients  be  made  far  the 
State  or  local  weather  forecast  center  to  provide  information  on 
current  neteorologlaal  and  wind  conditions  and  predicted  wind 
direction  persistence  during  the  incidents  in  addition  to 
information  received  from  the  facility  operator.  If  neither  wind 
change  nor  the  time  until  the  eud  of  the  release  can  be  predicted, 
the  period  of  exposure  could  be  conservatively  to  be  equal 

to  the  99?  probable  maximum  duration  of  wind  direction  persistence 
for  that  site  and  for  existing  meteorological  stability  conditions. 
Historical  data  on  wind  direction  persistence  as  a  function  of 
atmospheric  stability  class  for  a  particular  site  are  available  in 
the  Final  Safety  Analysis  Report  prepared  by  the  facility  operator. 
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5.4.2  Whole  Body  Dose  Pro faction 

Having  established  exposure  rate  patterns  in  the  environment 
and  having  deterained  (or  estimated)  the  tiae  period  of  exposure, 
the  next  task  is. to  estimate  the  projected  whole  body  and  thyroid 
dose  to  members  of  the  population  so  that  the  projected  dose  can  be 
compared  with  appropriate  PAG  a. 

An  airborne  release  from  a  light  water  reaetor  would  be 
expeoted  to  consist  primarily  of  radioactive  noble  gases  and 
iodines.  If  engineered  safeguards  operate  as  designed,  they  may 
reduce  iodine  concentrations  to  levels  suoh  that  the  whole  body 
vesta  radiation  dose  from  noble  gases  will  be  the  controlling 
pathway.  Otherwise,  the  controlling  pathway  will  be  Inhalation  of 
radioiodines  resulting  in  committed  thyroid  dose  ranging  up  to 
hundreds  of  times  the  whole  body  gamma  dose  depending  on  the 
effectiveness  of  the  engineered  safeguards. 

To  avoid  the  neoesaity  for  calculating  projected  dose  at  the 
tiae  of  the  incident,  it  is  recommended  that  dose  projection 
nomograms  be  developed.  Figures  5.1  and  5.2  (pages  5. IT  and  5.19) 
are  examples  of  suoh  nomograms.  Appendix  D  provides  details 
regarding  their  development.  Other  shortcut  dose  projection  methods 
may  have  ben  developed  by  the  facility  operators  that  are  fully  as 
aoourate  as  these  methods  and  should  be  used  if  appropriate. 
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Tte  projected  whole  body  gun  doaa  can  ba  estimated  by  simply  y 

multiplying  the  game  exposure  rate  at  a  particular  location  by  the 
tlaa  period  of  exposure.  (The  dose  conversion  factor  is  assumed  to 
be  1).  Figure  5.1  provides  this  multiplication.  This  figure 
provides  a  relationship  between  exposure  rate  in  mR/hr  and  the  noble 
gas  concentration  based  on  the  fixture  of  radioactive  noble  g*— « 
that  would  be  expected  to  exist  at  about  4.5  hours  after  shutdown. 

If  the  noble  gases  have  decayed  for  a  longer  time,  these  curves 
would  significantly  overestimate  the  projected  dose  as  determined 
from  concentrations  and  exposure  time.  If  the  p—  exposure  rate 
from  a  semi-infinite  cloud  of  airborne  noble  gases  1s  to  be 
determined  from  known  mixtures  other  than  those  assumed,  the 
following  relationship  may  ba  used: 

5  n 

R  *  9  x  105  Z  C  E 
1  no 


where:  R  a  exposure  rate  (mR/hr) 

CQ  a  concentration  in  air  (Ci/s^)  for  radionuclide  "n" 
En  a  average  gamma  enargy  par  disintegration  (MeV)  for 
radionuclide  "n".  See  table  3.1  of  Appendix  D  for 
values  of  E  for  specific  radionuclides. 

9  x  10^  a  a  dimensionless  constant. 
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This  equation  is  the  familiar  expression  for  gamma  exposure  rate 
from  a  semi-infinite  cloud,  R  a  .25'E,  with  the  units  for  R  changed 
from  8/see  to  mH/hr. 

5.4.3  Thyroid  Dose  Projection 

Thyroid  dose  commitment  from  inhalation  is  primarily  a  function 
of  the  concentrations  of  radioaotive  iodines  in  the  air  integrated 
over  the  duration  of  exposure.  This  section  provides  techniques  for 
projecting  the  thyroid  dose  using  a  variety  of  types  of  data  that 
may  be  available.  The  bases  for  these  techniques  are  provided  in 
Appendix  D. 

'■^RTbesic’  data”" 'conbei ftnitiSffSf  iodines  in  the  air  and 
duration  of  exposure,  may  be  obtained  from  a  variety  of  sources. 

The  concentration  may  be  measured  either  as  gross  iodines  or  as 
specific  isotopes.  Tbs  concentration  may  also  be  calculated  based 
on  release  rates  and  characteristics  and  meteorological  conditions 
or  based  on  measured  guana  exposure  rates.  The  duration  of  exposure 
may  be  predicted  as  discussed  in  section  5.4.1. 

Figure  5.2  provides  a  family  of  curves  for  projected  thyroid 
dose  as  a  function  of  airborne  concentration  (right  ordinate)  and 
duration  of  exposure  (absolssa). 

To  estimate  projected  thyroid  dose  for  a  particular  site,  plot 
the  point  on  figure  5.2  corresponding  to  the  radioiodine 
concentrations  is  Ci/m^  and  the  expected  time  period  of  exposure 
for  persons  at  that  looatlon.  Using  a  logarithmic  interpolation. 
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Figure  &2  Projected  thyroid  doss  ss  a  function  of  either 

gamma  exposure  rats,  or  radio  iodine  concentration 
in  air  and  the  projected  exposure  time. 


5.19 


Revised  6/80 


RMHONXMNC  COMCEHTftATMN  M  MS  tOhm*m 


estimate  the  projected  thyroid  dose  from  the  dose  values  on  tbs 
curves  below  and  above  the  point.  For  example,  if  tbe  iodine 
concentration  is  10"5  Cl/m3  and  is  ejected  to  last  two  hours, 
then  tbe  projected  adult  thyroid  dose  would  be  approximately  6  rem, 
and  the  child  thyroid  dose  would  be  approximately  12  rem.  Note  that 
the  child  thyroid  dose  is  two  times  tbe  adult  thyroid  dose,  the 
child  dose  would  apply  to  general  populations  while  tbe  adult  dose 
would  apply  to  emergency  teams  or  to  other  adults. 

Dose  conversion  factors  to  convert  from  time  Integrated 
airborne  concentrations  to  projected  dose  would  vary  as  a  function 
of  tbe  time  after  reaotor  shutdown  that  concentrations  were 
determined.  The  dose  conversion  factors  for  iodine  concentrations 
used  in  figure  5.2  are  based  an  a  mix  of  radioiodines  that  would  be 
expeoted  to  exist  at  about  4  hours  after  reaotor  shutdown.  If  the 
concentration  were  determined  at  some  other  time,  tbe  dose 
conversion  factor  (and  thus  tbe  projected  dose)  would  be  in  error. 
Ibis  error  would  be  less  than  30%  for  measurements  made  in  the  range 
of  1  to  12  hours  as  show  in  figure  4.4  of  Appendix  D.  This  error 
is  considered  too  small  to  justify  tbe  use  of  a  correction  factor, 
but  figure  4.4  from  Appendix  D  could  be  used  for  this  purpose,  if 
desired. 

Air  samples  would  provide  the'  best  source  of  concentration  data 
far  use  in  figure  5.2.  However,  with  present  day  equipment,  field 
measurements  of  environmental  radioiodine  concentrations  may  be 
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difficult  sad  too  tias  consuming  for  quick  decisions  on 
lapleaantation  of  protective  motions.  In  the  absence  of  measured 
iodine  concentrations  in  air,  one  nay  calculate  tbe  concentrations 
based  on  release  rates  and  aeteorologioal  conditions  or  based  on 
tana  exposure  rate  aeasuraaents  in  tbe  environaent. 

5. 4.3.1  Concentrations  Baaed  on  Release  Rates 

If  information  is  available  on  tbe  total  curies  released  or  on 
tbs  release  rate  and  duration  of  release,  one  can  use  these  data 
with  aeteorologioal  information  to  calculate  concentrations  at 
specific  locations  downwind.  Similarly,  this  information  can  be 
used  to  determine  tbe  downwind  distance  at  which  a  particular 
concentration  would  occur.  Tbese  methods  are  discussed  below. 

Figure  5.3  provides  the  afcaoepberie  dilution  factor,  x&/Q,  a* 
a  function  of  downwind  distanoa  and  for  dlffarent  atmospheric 
stability  classes.  This  factor  is  tbs  concentration  (x)  la  Cl/a3 
that  would  azlat  far  an  avaraga  wlndspeed  (0)  of  1  m/aec  and  for  a 
release  rate  (Q)  of  1  curie/ sec.  To  find  tbe  downwind  concentration 
(X)  for  a  specific  wlndspeed  and  release  rate,  divide  tbe  value  of 
xG/Q  by  tbe  wlndspeed  in  a/see  and  multiply  by  tbe  release  rate  in 
Cl/ sea. 

To  find  tbe  projected  thyroid  dose  associated  with  e  particular 
concentration,  find  tbs  point  corresponding  to  tbs  oonoantratlcn  and 
tbe  estimated  duration  of  tjpasure  on  tbs  noaograa  in  flgura  5.2. 
Intarpolata  logarithaioally  between  tbe  dose  lines  as  nsoasssry. 
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These  values  assuee 
an  Inversion  lid  at 
1000  eaters  altitude 
and  a  ground  level 

release. 


If  the  r*l«n  is  e^ressed  in  total  curies  as  opposed  to 
Cl/sec,  any  release  period  oan  be  assumed  for  purposes  of  using 
figure  5.2  to  estimate  the  projected  dose,  assuming  a  release 
period  of  one  bour,  the  total  release  in  curies  can  be  converted  to 
release  rate  in  Cl/see  by  dividing  by  3600  sec/hr. 

A  more  corneas  problem  may  be  to  determine  the  downwind  distance 
at  whiah  a  particular  dose  would  occur.  The  following  steps  would 
be  appropriate  for  solving  this  problem. 

1.  From  figure  5.2  (page  5.19)  determine  the  iodine 
concentration  in  Ci/m^  that  would  cause  the  thyroid  dose  of 
concern  for  the  estimated  duration  of  the  exposure. 

2.  Multiply  this  concentration  "x"  by  the  wlndspeed  "0"  in 
m/sec  and  divide  by  the  release  rate  *Q"  in  Ci/sec.  This  provides  a 
dilution  factor,  xO/Q  Cm”2),  which  can  be  applied  in  figure  5.3 
(page  5.22). 

3.  Using  figure  5.3.  follow  the  value  for  x^/Q  across  to  the 
existing  stability  class  and  follow  this  point  down  to  find  the 
corresponding  distance.  This  is  the  downwind  distance  where  the 
dose  of  oonoem  should  occur  at  the  pliaee  centerline. 

Example  Problem 

Assume  an  aoeldeat  involves  a  puff  release  of  20,000  curies  of 
iodines.  The  release  occurs  at  two  hours  after  reaotor  shutdown, 
the  windspeed  is  8  aph  «  A  m/sec,  and  the  atmospheric  stability 
elaas  is  S.  Determine  tba  downwind  distanoe  at  which  tbs  projected 
dose  would  be  5  res  to  the  child  thyroid. 
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Solution 


~y 

Sine*  no  duration  of  e^oaure  was  given,  on*  can  assume  on* 
hour  a  3600  seconds  for  purposes  of  caloulatlona. 

Proa  figure  5.2  (paga  5.19)  note  that  the  cancan trati on,  x, 
corresponding  to  a  5  raa  doaa  to  the  child  thyroid  from  a  one  hour 
exp as uni  would  be  about  8  x  10"®  CL/m}. 

'.  da  release  rata,  Q,  cao  ba.asauaad  to  be 


20.000  curioa 
3,600  seconds 


*  5.5  Ci/see 


Therefore: 


8  x  IQ*6  Ci/a*  x  tn/sec 
5.5  Ci/ sec 


s  5.8  x  10"6 


a2 


Proa  figure  5.3  (page  5.22)  the  distance  corresponding  to  a  dilution 
-6  —2 

factor  of  5.8  x  10  a  under  stability  class  D  is  about  8  Km 
or  5  alias. 

5.4.3  1  Concentrations  Based  on  Ganna  Exposure  Rata  Maasuraaants 
If  wTironaantal  concentrations  of  radioiodines  are  determined 
from  air  saaples  at  selected  locations,  it  would  be  useful  to  obtain 
simultaneous  average  gsaaa  exposure  rate  aeasureaents  at  the  aaae 
locations  in  accordance  with  reeoaandationa  of  the  Taste  Paros  an 
Instrumentation  (8).  The  ratio  of  gana  exposure  rate  to  iodine 

Revised  6/79 


5.24 


concentration  should  be  approximately  constant  for  different 

t 

locations  if  the  measurements  are  not  spread  out  over  more  fe^n 
about  2  hours.  The  prooess  of  collecting  and  analyzing  a  few  air 
samples  and  estimating  concentrations  based  on  gamma  exposure  rate 
measurements  at  other  locations  could  save  considerable  monitoring 
time. 

If  no  air  sample  measurements  are  available,  it  is  possible  to 
obtain  a  crude  estimate  of  radioiodine  air  concentrations  from  gamma 
exposure  rate  measurements .  Because  of  the  large  potential  for 
errors,  this  mould  be  the  last  choice  of  methods  for  estimating 
airborne  iodine  concentrations. 

The  left  ordinate  in  figure  5.2  (page  5.19)  provides  a 
relationship  between  the  gamma  expceure  rate  from  airborne 
radioactive  noble  gases  plus  iodines  and  tbs  radioiodine 
concentration  (right  ordinate)  that  would  contribute  to  this  dose. 
This  relationship  obanges  with  the  ratio  of  iodines  to  noble  gases 
in  the  release,  tbs  atmospheric  stability  class,  time  after 
shutdown,  the  gamma  exposure  coming  from  material  already  deposited 
on  surfaces,  and  the  game  exposure  from  airborne  particulate 
material. 

Baoause  of  the  assumptions  that  were  made  in  the  development  of 
figure  5.2,  its  use  to  estimate  thyroid  inhalation  dose  solely  on 
the  basis  of  gamma  exposure  rates  without  confirmatory  concentration 
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ii lira— I'M  or  without  correction  factors  would  generally  result  la 


projsetsd  thyroid  doses  higher  than  those  that  would  actually 
occur.  e  relationships  in  figure  5.2  between  game  closure  rate 
aad  iodine  concentration  are  based  an  the  following  assumptions: 

1.  The  ratio  of  eonesntratiaas  of  iodines  to  noble  gases  would 
be  about  0.3  which  Is  the  ratio  that  corresponds  to  a  mixture 
consisting  of  255  of  the  iodines  aad  1005  of  the  noble  gases  in  a 
nuclear  power  reactor  at  full  power  equilibrium  conditions.  Figure 
5.4  provides  correction  faotors  that  can  be  multiplied  times  the 
gamma  exposure  rate  before  its  use  in  figure  5.2  in  situations  where 
actual  values  are  provided  for  iodine  to  noble  gas  activity  ratio. 

2.  The  atmospheric  stability  class  would  be  "A”.  Figure  5.5 
provides  correction  faotors  as  a  function  of  downwind  distanoe  and 
atmospheric  stability  class  for  use  in  situations  where  these  data 
are  known. 

3.  Measurements  would  be  made  within  the  range  of  1  to  12 
hours  aftar  reactor  shutdown.  Concentrations  based  on  measurements 
made  during  the  first  4  hours  after  shutdown  would  be  slightly  lower 
tlun  estimated,  thus  pausing  a  conservative  dose  estimate. 
Concentrations  baaed  an  measurements  made  6  or  more  hours  after  the 
reactor  shutdown  would  produoe  low  dose  estimates.  However,  this 
nonconservative  error  would  be  soaewfaat  compensated  by  the 
conservative  error  introduced  by  the  assumption  that  there  would  be 
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no  contribution  to  gum  exposure  ret*  froa  redioiodioes  deposited 
on  the  ground.  Both  of  these  errors  would  increase  in  intensity 
with  tiae  after  the  start  of  the  release. 

Caution  should  be  exercised  in  this  aathod  of  estlaating 
thyroid  dose  to  avoid  projecting  thyroid  inhalation  doses  on  the 
basis  of  game  exposure  coaing  entirely  froa  deposited  material 
after  the  plus*  has  passed.  ?o r  this  situation  the  game  exposure 
ret*  would  increase  as  the  deteotor  approached  the  ground. 

gxaanle  Problem 

Ho  iodine  concentration  aaasureaants  have  been  aade,  but  gaaaa 
exposure  rate  aaasureasnts  indicate  Baxiaua  levels  of  10  mR/bour  at 
2  Biles  downwind.  The  stability  class  is  D,  and  the  nuclear  utility 
reports  the  iodine  to  noble  gas  ratio  in  tbe  release  is  0.1.  What 
is  the  projected  child  thyroid  dose  for  a  2  hour  exposure? 

Solution 

Referring  to  figure  5.2  (page  5.19)  tbe  projected  dose  without 
correction  factors  for  10  aR/hr  and  2  hours  is  about  8  rot  to  the 
child  thyroid,  froa  figure  5.5  (page  5.28)  the  correction  factor 
for  0  stability  and  2  alias  »  1.6.  Proa  Figure  5.4  (page  5.27)  the 
correction  motor  for  iodine  to  noble  gas  ratio  of  0.1  «  0.45. 

10  aR/hr  x  1.6  x  .45  ■  7.2  aR/hr.  Refarrlng  to  figure  5.2,  tbe 
corrected  thyroid  dose  is  projected  to  be  slightly  aore  than  5  rea 
for  a  2  hour  exposure. 
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5.5  Protaotlve  lotion  Decisions 

Tbs  aoat  effective  protective  aotlons  for  tha  plus*  npomrt 
pathway  or*  evacuation  and  shelter.  Acoeas  control  la  alao 
effective  «d  appropriate  but  goearally  would  ba  talon  la 
ccnjunoticn  with  one  of  febo  otbar  two  actions.  What  aoataaination 
of  the  skin  is  suspaotad,  protective  aotloaa  such  as  "g  sod 
changes  of  clothing  art  Juatiflsd  without  tba  naad  for 
prooadurts  baoausa  thsaa  actions  art  assy  to  taka  sod  involve  llttla 
or  no  risk.  Cbaptar  1  providee  a  ganaral  discussion  of  protective 
actions,  and  Append ix  B  will  provide  planning  guidance  with  regard 
to  evacuation  and  shelter.  (Appendix  B  baa  nek  been  published  as  of 
this  revision ). 

After  dose  projections  are  Bade  and  constraints  art  identified, 
responsible  officials  oust  dad da  what  protective  actions  should  ba 
Ispla—ifert  and  in  wbat  areas.  They  aust  also  doolde  which  of  the 
eaarganoy  actions  that  wara  takas  prior  to  having  ral ease 
information  from  the  facility  or  environ— tal  measurements  should 
ba  expanded,  maintained,  or  canceled. 

Table  5.1  provides  broad  gildanoe  for  those  decisions  an  tbs 
heals  of  oeaparlag  projected  doses  to  FAOs.  This  guidance  is 
prior Uy  for  planning  purposes.  Acceptable  values  for  emergency 
doses  to  tbs  public  under  aotusl  conditions  of  a  nuclear  tool dent 
cannot  be  predetermined.  Protective  notion  reoo— dationa  in  any 
individual  case  aust  ba  baaed  on  the  actual  conditions  that  exist 
■id  are  projected  at  the  tlse  of  tba  wool dent. 
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-  PAGa  oannot  be  uaad  to  assure  tbst  a  given  level  of  aspoeure  to 
individuals  In  too  population  in  prevented.  Za  toy  particular 
rospenoo  sittotion,  a  rant*  of  doses  nap  bo  asperlanoad,  depending 
sostly  on  tba  distance  fron  tbo  point  of  release.  Sana  of  tboao 
doaoa  nay  bo  in  sanaaa  of  tbo  PAG  lamia  and  elaarly  warrant  tbo 
initiation  of  an y  faaaibla  protootim  actions.  This  doss  not  scan, 
bows  tot,  that  all  daoas  atom  PAG  lamia  oan  bo  pramntod. 
Furtharsora,  PAGa  rapraaant  only  trigger  lamia  and  ara  not  intandad 
to  rapraaant  acceptable  doao  lamia.  PAGa  aro  too  la  to  bo  uaod  la 
and  aa  daoialon  aida  In  tbo  actual  raaponao  aituatian  far 
purpasos  of  doao  savings. 

Under  anargoncy  oanditiana  all  raaaonabla  saaauraa  abould  bo 
taka*  to  sialadLxs  radatiao  exposures  to  tbo  gensral  and  to 

anarganay  workers.  In  tba  abaanoo  of  signifloant  oonatralata  and  la 
aaasldsratiaa  of  tba  gonerally  aooaptad  public  basltb  prantloo  of 
llsitinc  radiation  exposures  to  a a  low  aa  raaaonably  aohiambla 
lamia,  raaponalbla  authorities  say  want  to  inplanonf  low  inpaot 
protaotim  aotions  at  pro J so tad  doses  bales  tba  PAGa. 

Tba  raooiandatiooa  provide  a  range  of  PAG  aaluaa  booauaa 
ispl  mentation  of  tbo  ^ildanoo  sill  always  require  tba  uaa  of  good 
Judgment  and  a  oonaidaratloa  of  loeal  oonatralata.  Tba  lowest  value 
abould  to  usad  if  there  ara  no  sajor  loeal  oonatraints  In  providing 
protaoticn  at  that  level,  ospaoially  to  aensitlm  populations. 
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Lead  aanatrelats  at y  sake  lower  valuta  lapreofcioal  to  um,  but  in 
oo  data  tteuld  the  higher  valut  bo  exoaaded  la  determining  the  need 
fop  protective  aetloa.  Tbo  question  inevitably  arista,  than,  at 
what  projected  doaa  below  tba  at  aim  PAS  valuta  should  protaotlvo 
aatlana  oo  lent**  ha  ooaaldarad.  This  la  a  value  Judge  ant  on  the 
port  of  the  eaargaaey  ooordlaator  but  should  ba  based  oa  the 
folloulac  ooasldaratlooas 

a.  Ira  the  risks  aasooiatad  with  taklag  protaotlvo  aotloa  at 
low  projaotad  dotty  greater  than  the  rials  aasooiatad  with  the  low 
projected  radiation  doses? 

b.  Is  there  a  reasonable  probability  that  the  protaotlvo 
aotloa  being  considered  oaa  be  sunoeaafMlly  laplaaaatad  without 
uaroaaaaable  tost  or  hardship  oa  the  participants? 

a.  At  very  low  projaotad  doses,  efforts  to  protest  the 
population  aay  do  aore  harm  than  good. 

The  latent  la  to  allow  far  flexibility  la  tba  laplaaaatatloa  of 
tbs  gildenns  because  local  ooadltlans  will  vary  mta  because  apeolal 
f8?onaatlcn  any  be  available*  lot  above  the  upper  PIO  range,  there 
Is  significant  risk  to  tba  exposed  populations,  and  rosponalbla 
agendas  should  oeaaldar  it  Mandatory  to  plat  to  laplaaoat  effeetlve 
protaotlvo  aotloaa,  reoogn lying  that  whoa  m  aooldaat  aotually 
oooure,  unforeseen  oooditlona  or  eoaatrolata  aay  prevail  auob  that 
prof —el one 1  Judgment  will  be  required  with  regard  to  prioritise  for 
p rot eating  the  pabllo. 
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Ouldanoa  to r  ■Tfar  workara  la  glvan  *a  doaa  Units  baoauaa 
it  la  reaogiiiad  that  critical  alril  funotlcno  an at  oontlsua  while 
protaotlTa  actions  ara  takas  for  tba  general  population,  and  this 
say  require  a— rganoy  workers  to  roeeivo  radiation  exposures  during 
oaorgancloo  that  otherwise  would  not  b«  paralttad.  Exposure  of 
wnaniij  workara  to  any  doaa  laval  is  not  justified  unless  it  la 
datara&aad  that  baaaflta  to  aoolaty  ara  balag  aehlsred  and  afforta 
ara  balog  sada  to  llalt  thalr  doaoa  to  levels  aa  low  as  raaaosably 
achievable.  hiriawy  workara  should  consist  of  hoalthy  adults  and 
should  not  lnoloda  womb  that  oould  potastlally  bo  pregnant.- 
f— rguny  rasponso  should  provide  for  spool a Iliad 

pratoetlon  for  urganoy  workara  during  asargaaay  nativities.  This 
would  laolnda  rasp Ira tory  protsotloo.  If  aoodod,  to  radnoo  lataraal 
organ  and  thyroid  doaoa  fron  Inhalation  and  parhaps  propbylaotle 
drugs  that  prarant  thyroid  exposures  froa  labalod  radlolodlna. 

Ihsre  should  bo  approprlata  inatnawatitlnn  to  varlfy  axpoauras  and 
mniiliiattiai  taohnlqnss  to  prarant  orar axpoauras  by  warning 
anarganoy  workara  whan  to  withdraw  froa  radiation  flalds. 

9m  baalth  risk  asaeolatad  with  dosa  Units  roaoanandad  for 
Ilf  soaring  alaaicna  ara  aartranaly  high,  and  suob  high  doaoa  should 
ba  raoalrad  only  on  a  voluntary  basis  by  Individuals  anara  of  tho 
risks  inrolrad.  Lifesaving  actions  should  bo  performed  by  persons 
in  good  boalth  whoso  nornal  duties  bare  feralnsd  than  for  sueh 
nl scions. 
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Technical  Bum  for  Method*  thee  Satinet* 


1.0  Introduction 

Zf  ea  incident  were  to  oeettr  at  a  reactor  resulting  is 
Mobilisation  of  the  fiaaica  produet  inventory ,  the  radioactive 
isocopea  of  iodine  and  the  noble  gases  plua  e  aaaller  quantity  of 
particulate*  night  be  raleaaed  to  the  environment  in  quaatitiea 
exceeding  norsel  operating  liaita .  Under  theae  condition* ,  it  would 
be  naceaaary  for  responsible  public  officials  to  quickly  determine 
whether  protective  actions  should  be  taken  to  protect  the  public. 

The  decision  to  implement  protective  actions  would  be  baaed,  in 
part,  on  the  projected  radiation  dose*  that  eight  be  received  by 
individuals  in  the  population.  Doe*  projections  may  be  determined 
from  one  of  three  information  bases  or  combinations  thereof: 

(1)  reactor  system  status,  (2)  release  race  of  radioactive 
materials,  and  (3)  environmental  measurements.  Dose  projection 
baaed  on  reactor  system  status  will  be  primarily  the  responsibility 
of  nuclear  facility  officials  and  will  net  be  discussed  here.  The 

^Projected  radiation  dose  is  defined  as  the  dose  the  exposed 
persons  would  receive  in  the  absence  of  protective  actions  and 
includes  conic tad  dose  that  nay  be  received  as  a  result  of  ingested 
or  inhaled  radioactive  notarial. 


Htiaatioa  of  projected  dot*  boood  on  release  ntu  ad 
snvl  rooms ntal  inwtamti  will  eo  mm  •stone  bo  ebo  responsibility 
of  Stats  and  local  gamaMt  officials.  Procedures  for  Miring 
these  estiaates  worn  given  in  Chapter  3,  and  this  Appendix  provides 
the  technical  bases  for  ehose  procedures. 

Two  exposure  pathways  are  considered:  (1)  whole  body  games 
exposure  froa  radioactive  noble  gases  and  iodines  in  the  pluoe,  sad 
(2)  inhalation  of  radioiodines  in  the  pluM.  Additional  whole  body 
external  exposure  would  oeeur  froa  deposited  radioactive 
particulates  sad  iodines.  Over  an  extended  period  of  days  to  weeks 
or  Moths  this  source  could  be  significant  or  even  dooiaant. 

However,  during  the  period  of  pltmm  passage,  exposure  froa  deposited 
oecerials  is  eat  expected  to  be  significant  coopered  to  exposure 
frau  the  plMe.  Therefore,  separate  procedures  for  estimating  the 
whole  body  dose  from  deposited  materials  are  not  provided  in  this 
Appendix. 

The  environoental  measurement  techniques  considered  are  gamma 
exposure  race  measurements  sad  gross  radioiodine  concentration 
measurements .  Methods  are  developed  for  estiaatiag  the  projected 
thyroid  dose  cnai  raent  from  either  of  these  neasuromeats .  Although 
the  estiaation  of  thyroid  dose  eooaitasae  froa  gsnua  exposure  rate 
ueasursMnts  is  recognised  as  s  crude  approximation,  it  is  a 
currently  implsmaatable  and  rapid  Mthod.  Field  instrumentation 


capable  of  Manrlai  (tots  radioiodiae  coacoatrotloo  la  tha  pnitoet 
of  noble  (uu  is  under  dnvelopaent.  Tbit  aetbod  should  rsplsco  or 
supplsnnnt  eho  exposure  ret*  aetbod  foe  sstiaetiag  projected 

thyroid  dooo  co—ifont  as  sooa  as  possible.  Projected  stools  body 
gnaa  doss  froai  sztsraal  exposure  to  ebs  plow  Is  siaply  eho 
integral  of  doso  rats  oxer  tba  daraeloa  of  exposure. 

1.1  Approach 

Caleolatsd  values  for  projected  thyroid  dooo  eaoaitaaae  sad 
pro j sc tod  stools  body  dooo  ara  a  function  of  ebs  Isotopic  coapoclcion 
of  eho  rsdiaauclida  bearing  elood.  This  cloud  c opposition  la,  la 
eon,  dstorninsd  by  tha  raspooelsa  rslssss  rates  of  apoclflc 
radioauclidss  fron  tha  rase tor  contalansat  sad  eho  ago  of  tha 
fission  produces.  Ia  addition,  tha  projected  doss  fron  inhalation 
aacag  tmnan  rscaptors  will  s*ry  as  a  fsnceioa  of  the  portlaaat 
physiological  sad  aatabolic  charaeesriscics  ascribed  to  tha 
individual  incnrriag  tha  dooo. 

Cissa  sufficisat  elao,  oas  could  project  the  thyroid  dose 
coaaitasat  by  ooasuriag  or  ealealaelag  tha  airborne  concentration  of 
each  isotope  of  rodioiodlas,  integrate  chase  caacantratioaa  osor  tha 
period  of  exposers ,  aaleiply  by  the  appropriate  does  esavorsioa 
factor  for  each  isotope,  sad  then  cun  these  values.  Bsaavor,  dariag 
the  saargsacy  period  following  aa  iacidoat,  soch  analyses  oanld  be 
too  tins- cons Ming,  cad  acre  aiaplc  aatboda  nest  be  need. 


lbs  two— dk  aiaplified  approach  for  doaa  projection  la  eo 
■oka  oh  of  chard  or  i—ogT—  eo  eraaalaea  calculated  or  aeaeured 
cevironaantal  paraaaeare  into  aaciaaeed  projected  doaa.  Seeiaaeiag 
eha  whole  body  external  doaa  la  only  a  aactar  of  ineagraciag  eho 
|iwi  expoouro  race  over  eha  eaeiaaeed  duration  of  axpoaura.  Tha 
corresponding  aachod  for  pro  j  act  ins  thyroid  doaa  la  aiailar  with  eha 
addieioa  of  faeeora  eo  convert  froa  eiaa  incegraeed  eonceneraeion  eo 
doaa  aad  correction  faeeora  to  adjoae  for  variablaa  that  aay  ba 
known  • 

Thia  Appendix  la  a  prosooeaeioo  of  eha  procaaaoa  aid 
aasuapeiona  uaod  eo  develop  aoaograaa  for  projecting  both  thyroid 
inhalation  doaa  coadcnaa e  and  whole  body  ganwe  doaa.  The  mani  a 
are  baaed  on  raloaaoa  defined  for  a  design  baaia  accidant  without 
eha  banafiea  of  engineered  safagnarda  eo  radnea  eonceneraciona  la 
coneaitaane.  Correction  factor  eharta  are  prowidad  for  adjnaeing 
eha  doaa  projoeeiona  far  (1)  diffaraac  rolaaaa  char act aria c lea ,  (2) 
eiaa  fa  radioactive  decay,  aad  (3)  aacnal  notaoro logical  coadieiona 
at  eha  eiaa  of  eha  aeeidaae.  Other  aechode  involving  different 
eypoa  of  eharta  aad  aonegrana  for  projaeeing  doaa  have  bean 
developed  by  ouclaar  faciliey  oparaeora  and  oehara .  Such  aechode 
aay  bo  fully  ea  accurate  and  eceopcabla  aa  thoaa  develop ad  la  ehia 
Appendix. 
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Tbs  obarta  and  nowo grass  davolopod  la  this  Appendix  allow  oaa 
to  quiokly  ostlaata  projected  whole  body  do as  or  projected  thyroid 
doao  OQMltMBt  frow  any  of  tbs  following  data  when  tbsas  data  ars 
uaad  with  tbs  satlaatsd  duration  of  exposure: 


Calonlatad  gross  oonosotrstloos  of  lodiaa  and/or  aobla 


so  that 


projection  satlaatas 


All  radiation  unit*  used  ora  those  da flood  by  tha  ZCXS  (1). 
Eowevar.  ete  ZCtO  haa  yae  Co  define  ete  concept  of  doaa  ~nanf  rnsiir 
and  propose  a  symbol  for  it  arts  chough  ete  TOP  aeilixa*  ete 
concept. 

Richardson  (2)  tea  eroead  ete  history  df  ete  doaa  rn— i  riaanr 
eoaeapt;  ete  following  definition  is  eaten  froa  his  work.  "Doaa 
(*r— 1  font  is  a  farm  doaa  inpliad  by  a  s pacific  avant  in  ete  pace." 

Mathematically ,  ehia  eooeapc  is  dafinad  by  ete  following 
ineagrnl  aquation: 


a.i) 


share  ?  is  ete  doaa  eowsdcnaut  in  rad  and  D_  is  an  initial  or 

o 

raferanca  doaa  raca. 

Aa  shown  hero,  doaa  cawed  emant  and  doaa  raca  ora  averages. 

Tteaa  average  value(a)  result  fren  application  of  ete  assumption 
Chat  radioactive  notarial  is  dapooiead  uniformly  throughout  tha 
e argot  organ. 

V  will  be  daeaxainad  by  ete  values  selected  for  ete  Units  of 

integration.  Tha  lowar  value,  t  ,  is  eaten  aa  taro  which  dafinas 

o 

a  raferanca  eina  or  searting  point  at  ehieh  eiaa  a  value  for  D  ia 

o 

known.  Tha  ZCX?  has  suggoaead  oppar  liad.es  of  30  years  as  ete  value 


co  be  sMd  for  occupational  considerations  and  70  years  for  nanbers 
of  the  general  public.  DA  uses  100  poors  (3)  whan  competing 
anvirnanantal  dose  eoMitnsnts .  la  selecting  an  upper  limit  for  oao 
ia  calculating  tba  doao  witaata  corrolatod  with  iodine 
concentration,  it  ia  recognised  chat  tea  Co  the  abort  half  lives  for 
ebo  radioiodiaoa  of  eocearn,  moat  of  tba  doao  cowaitmant  Co  the 
thyroid  will  bo  delivered  ia  loaa  than  om  nontb.  Tborofors,  tbo 
difference  in  doeo  del Ivor od  ia  50  or  100  year a  or  infinity  ia 
effectively  0,  and  infinity  ia  need  for  convenience,  the 
ealenlaeiooal  f  omnia  bee  one  a: 

D 

5  •  J  D  VXtdt  •  ~  (1.2) 

0  0  xe 

X^  ia  the  affective  tenoral  coefficient  in  reciprocal  tine  onita. 

2.1  ■edioanclide  Concentration  in  Air 

The  air  concentration  of  fiaaioo  products  downwind  fron  the 
point  of  release  ia  dareeminad  by  their  rata  of  release  fron  the 
reactor  cent ai.mwnt ,  their  aieiner  of  dispersal  in  the  atmosphere, 
and  the  elapsed  Clan  since  reactor  shoe dove.  To r  a  given  inventory 
of  radionuclides  in  the  reactor  core  at  cbe  tine  of  shutdown,  the 
containment  release  rate  of  a  particular  radionuclide  depends  on 
three  factors:  (1)  the  fraction  of  the  core  inventory  of  the 
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lid*  which  is  released  to  eh*  eoacainasnc;  (2)  eh*  raca  of  ies 


r aural  frea  eh*  coaeaiaaut  aeaesphcr*  by  eh*  engineered  safety 
syeeeas  and  by  socb  wchswisaa  aa  proeipieaeioa ,  aurfae*  deposition, 
and  radioaeeir*  decay;  aad  (3)  eh*  coneainaant  leakage  rat*.  Th*a* 
dura*  face or a  eaa  vary  widely  d* pending  on  eh*  aatnieud*  of  eh* 
aceidase  aad  eh*  foaeeioaal  seaeus  of  eh*  *ngia**r*d  safety 
syaeaaa .  *  Ho— wr ,  if  ou  aasuaas  ehae  a  given  fraction  of  eh*  core 
inv«neory  of  a  specific  radioaoelid*  ia  available  for  r*l*aa*  eo  th* 
ceneaia— ne  iaaadiataly  after  reactor  shutdown  (.^,5)  aad  ehae  th* 
*ngin*«r*d  safety  syaCans  act  eo  reduca  eh*  concaii— nt  inventory  of 
eh*  radioaoelid*  by  tea*  fixed  faeeor  within  a  shore  eia*  after  eh* 
radioaoelid*  r*l«aa*  into  eoaeainaenc,  than  eh*  analysis  of  eh* 
radioaoelid*  r*l**a«  froa  eh*  coaeaixnaae  can  b*  aiaplified.  Under 
eho**  aasoapeioas ,  eh*  raaaval  of  a  radioaoelid*  from  eh* 
coaeainaaae  atmosphere  by  eh*  engineered  safety  systaa*  can  b* 
regarded  as  so  addieioaal  barrier,  or  filter,  aff acting  eh*  fraction 
of  eh*  cor*  inventory  of  eh*  radioaoelid*  which  is  released  to  eh* 
eoaeaianoat.  Zf  7^  is  eh*  fraction  of  eh*  cor*  inventory  of  th* 
kth  radioaoelid*  *»ich  ia  released  eo  eh*  containaent ,  7a  is  eh* 
fraeeica  of  eh*  r*i*aa«d  radioaoelid*  which  is  not  reaovd  by  eh* 
engineered  safety  sysceae ,  aad  is  eh*  activity  of  eh*  kth 
radioaoelid*  ia  caries,  then  eh*  concaisaane  inventory  of  eh*  kth 
radioaoelid*  ae  eia*  e,  C^Ce),  is  given  by 
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Ck(t)  “  ?lk  *  *2k  •  Ve)  CUriM 


(2.1) 


Combining  the  product  of  sad  F.^  into  a  total  ralamaa 
fraction  F^, 

C^(t)  ■  F^A^Ct)  curias.  (2.2) 

Assuming  that  100  poreaat  of  the  containment  inventory  is 
available  for  ralaaaa  to  tba  aaviroaaaat  via  coataiaaaat  leakage, 
the  radionuclide  release  rate  free  tba  coataiaaaat  is  determined  by 
the  product  of  the  radionuclide  core  inventory,  its  total  release 
fraction,  end  the  containment  leakage  rate.  Xn  these  tarns,  the 
release  raee  froa  Che  containment  of  the  kth  radionuclide  may  be 
written  as: 

Qk(t')  -  A^t')  •  Fk  •  l(t')  ,  (2.3) 

where: 

Qk(t')  •  containment  release  rate  of  the  kth  radionuclide 
(Ci/e) 

t'  ■  tine  of  release  after  reactor  ehutdown  (a) 

Ak(t')  ■  core  inventory  of  kth  radionuclide  at  cine  c'  (Ci) 

Ffc  ■  total  releaae  fraction  of  the  kth  radionuclide 
t(t’)  •  coataiaaaat  fractional  leakage  raee  at  tine  t’  (a"1). 
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iftir  the  fission  produces  hero  beau  released  eo  the 
anvironaent,  their  couceaerscioa ,  ss  s  function  of  downwind 
distance,  is  dependent  on  ehe  acaospheric  conditions  at  ebe  tine  of 
release  sad  on  chair  respective  deposition  velocities.  However,  if 
the  deposition  velocity  of  ehe  radionuclides  is  netleceed  sad  the 
eontainnanc  leakage  raea  is  assuaed  eo  be  constant,  ehe  air 
concentration  of  the  keh  radionuclide  is  given  by  ehe  following 
equation: 


Xk(r,t)  -  Qk(e)  X/Q(r) 

-  A^t)  ♦  ?k  •  t  •  X/Q(r)  ,  (2.4) 


where: 

Xk(r,e)  ■  concentration  of  kth  radionuclide  at  point  r 

relative  to  ehe  poinc  of  release  and  eiae  c  after 
reactor  shutdown  (Ci/a^) . 

X/Q(r)  -  cine  invariant  acaospheric  diffusion  function 

relative  to  the  point  of  release  (s/a3) ,  and  is 
evaluated  ac  the  sane  eiae  as  Xfc  to  allow  for 
fission  produce  decay  and  ingrowth  during  tiaa  of 
flighc. 
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The  total  radionuclide  concentration  of  a  cloud  consisting  of  M 
radionuclides  is  given  by  cbo  tun  of  concentrations  of  ieo 
individual  components .  Thus , 

M 

X(r.t)  -  r  A.  (c)  Fv  L  X/Q(r) 
k-1  *  * 

* 

-  L  X/Q(r)  I  A^e)?^  •  (2-5) 

2.2  Pooo  Calculationa 

The  doao  project ion  aechode  developed  in  this  Appendix  ere 
limited  to  coneidaration  of  thyroid  doses  doe  to  inhalation  of 
radioiodines  and  whole  body  cloud  gasses  doses  due  to  radioiodinea 
and  noble  gases  which  sight  be  released  in  a  potential  nnelear 
reactor  accident.  Doses  to  other  organs  are  not  considered. 

2.2.1  Whole  Body  Cloud  Sanaa  Doses 

The  cloud  ga—a  dose  is  a  dose  which  is  received  as  a 
consequence  of  external  exposure  to  gets  radiation  eadtted  by  the 
airborne  radioactive  fission  products.  In  some  cases,  the  whole 
body  dose  would  be  projected  based  on  measurements  of  exposure  rata 
in  the  eavironannt  and  an  estimated  duration  of  exposure.  In  other 
cases,  projected  whole  body  dose  nay  be  based  on  calculated 
concentrations  in  the  environment  and  estimated  duration  of 
exposure.  Since  gasa  rays  can  travel  great  distances  in  air. 


calculation*  of  whole  body  gaaaa  doaaa  from  airb om  coacaatraciana 
■oat  conaidar  tba  radionuclide  eoupoaieion  and  concaseraeioo  apetial 
diatributiona  wiehin  eha  cloud.  Kigoroua  calculaCiona  of  cloud 


gaHM  doaaa  require  ehraa  diaaaeional  integration  of  appropriate 
doaa  attenuation  kernel*  with  raapact  to  apace,  aa  wall  aa  with 
raapact  to  tine.  However,  if  eha  cloud  can  bo  eonaidarod  to  ba 
aeni-infiaite  in  extant  (reference  (6),  a action  7.4. 1.1),  than,  for 
a  poise  located  an  eha  ground,  eha  gave  doaa  raea  in  air  fro*  eha 
kth  radionuclide  ia  given  by 


nf(r.e)  -  0.23  ij  x^r.e) 


(2.6) 


where: 

oJ"(r,t)  **  gaaaa  doaa  rata  from  eha  kth  radionuclide 

diatribe tad  ia  a  aaad-iafiaita  cloud  (rad/ a) 

"  average  gave  energy  par  diaintagration  of  eha 
kth  radionuclide  (MaV/diaiaeagration),  and  Jf^^e), 
which  baa  bean  dafiaad  prewioualy,  baa  Che  unite  of 
Ci/n3. 

doing  Eq.  (2.6),  and  aaataiag  chat  cha  whole  body  gaaaa  doaa 
rata  ia  equal  eo  eha  gaaaa  expoaura  rata  ia  air,  oaa  could  calculate 
eha  whole  body  gaaaa  doaa  ehac  would  ba  received  by  aa  individual 


exposed  to  ob  infinite  cloud  of  gaseous  fission  produces  bp 
integrating  tbs  dose  raes  with  respect  eo  tine  over  the  duration  of 
exposure.  However,  since  it  is  expected  that  the  cloud  genua 
exposure  rats  would  be  measured  at  a  given  location  within  a  short 
eiae  after  plums  arrival,  the  dose  at  that  location  can  be 
conservatively  estimated  bp  simply  multiplying  the  measured  games 
exposure  rate  bp  the  expected  duration  of  exposure.  This  dose 
projection  method  would  tend  to  be  conservative  bocause  the 
radiological  decay  of  the  fission  products  after  the  measurement 
would  be  neglected.  Other  factors  such  as  changes  in  plume 
direction,  changes  in  meteorological  conditions,  or  changes  in 
release  rata  could  cause  either  high  or  low  dose  projections. 

A  method  can  also  be  developed  for  projecting  whole  bodp  gaasa 
doses  based  on  known  or  calculated  fission  product  concentrations. 
Since  the  gw  dose  race  from  a  semi-infinite  cloud  consisting  of  M 
gaseous  fission  products  is  equal  to  the  sun  of  the  doses  from  the 
various  radionuclides,  the  total  whole  bodp  dose  rate  is  defined  bp: 

D^Cr.t)  •  I  bJT(r,t) 
k«i 

M  _ 

-  r  0.23  r  X.  (r,t)  rad/s .  (2.7) 

k-1  ^ 
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line*  X^Cr.e)  ia  given  b y  Zq.  (2.4).  •ubacitucioo  of  choc 
expreaaioo  iaeo  fq.  (2.7)  yialdo  eta  following; 


D^r.t)  •  0.25  t  A^t)  fk  i  x/Q(r) 


k>l 


-  0.25  t  X/Q(r)  ^Z^J  A^t)  7k  rad/a. 


(2.1) 


Turcboraor • ,  aiaee  eta  total  radiomelida  coacoatraeioa  ax 
(r,e)  io  given  by  If.  (2.5).  eta  roeio  of  eta  aaai-iafiaiea  elond 
gamma  doaa  rata  to  eta  eocal  ndioHellda  coccwcracion ,  (ICC*) ,  io 
«*"•  by 


aoc"(e) 


* 

0.25  i  x/Q(r)  A^e)  rk 


:  ■ 

X.  x/q(r)  X  4.  (e)  t. 

* 


0.25 


k-1 


a 

Z  4k(c) 


rad/aee 

Ci/«J 


k-i 


(2.9) 


Tboo,  given  a  knowledge  of  caaoooa  Italian  preface 
eaacoaerotiaa  ac  a  given  tocaeioa  aeon  afear  plane  arrival ,  the 
ohole  body  eload  gena  doao  to  aa  individual  at  that  locaeion  aay  bo 
projocead  by  noleiplyiag  eta  eoacaseracioa  by  eta  faeeor  tCC*(e)  and 
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by  tbs  wputW  duration  of  wpomw.  This  asthod  any  also  be  used 
to  project  whole  body  cloud  |mh  doooo  fra  noblo  gaooo  which  eight 
bo  released  ia  o  rose tor  accident. 

2.2.2  £2£>idiJidialatiaeBDoses 

Tho  thyroid  iahalatioo  dooo  is  so  iatsrnsl  doss  eoaaitaoat 
which  is  received  ss  s  consequence  of  inhaling  radioiodiaos  peasant 
in  tho  air  at  tho  point  of  exposure.  (Tbs  tars  iahalatioo  dosa  or 
thyroid  dooo  as  used  ia  this  raport  aaaas  thyroid  dosa  ciwaritaent.) 

Tho  inhalation  dooo  das  to  tho  oapoonro  to  air  containing  tho 
kth  iodiaa  isotopa  is  given  by  tbs  iatagral  of  tha  concentration 
over  tho  period  of  oapoonro. 


nJh(r,ta.tB)  -  f  BCT^*  X^(r.t)  dt 


(2.10) 


wboro: 

D^r.t^.t^)  •  thyroid  inhalation  dosa  resulting  froa 
aaposuta  to  tbs  kth  iodine  isotope  (rad) 
t4  ■  tiiM  after  reactor  shutdown  at  which  aaposnre 
cosssences  (a) 

t'  •  duration  of  oapoonro,  or  the  inhalation  tins  (s) 

DCT^*1  •  thyroid  inhalation  dooo  conversion  factor  for  the 

kth  iodiaa  isotope,  r‘^*«c ,  sad  X(r ,t)  has  been 
Ci/aJ 

defined  previously. 
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Xf  eha  ntlsMiat  touncntioa  £a  «ir  la  caaguaad  of  V  iodiaa 
Uetopui  cImb  cbt  iflhdiiioa  doaa  la  aqual  eo  eha  a«  of  eha  doaoa 
racaivad  from  inhaling  eba  individual  iodiaa  iaoeo paa.  Than,  eha 
eaabiaad  doaa  ia 


De*(r,e.,t  )  •  I  ufNr.e  .eA) 

*  *  h-1  *  *  * 


*a  *  ea 


-  i  f  DC?**1  x(r,e)  de  rad. 

k-1  J  * 


(2.11) 


Sobaeieuciag  eba  anpraaaioa  for  X^ir.c)  from  Eq.  (2.4)  into 
Iq.  (2.11),  ona  obtain* 


-  Jt t  y  oerf  •  V';  \  >• »/« 


x/Q(r)dt 


-  I.  x/q(r)  I  ,/  “?  V'>  %  " 


rad.  (2.12) 
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tom  ratio,  «XC(ta,t#,te).  of  the  conbiaed  thyroid 
inhalation  dsti,  D(r .t^.t^) ,  to  the  tocol  radioiodiae 
eoaeoaeracioa,  X(r,et),  at  poise  r,  and  tine  te,  abort 
*,  <  *c  «  «,  ♦  eta  bo  obtained  by  dividing  14.  (2.12)  by 
St*  (2.S).  Ze  eao  bo  writ too  aa 


'a*6. 


V 

X/Q(r)  ^  J  DCf^tt)  »k  dt 


*XC(Vto*ec> 


t  X/Q(r)  I  (t, ) 

fc-l  c 


%  *  C. 


j,  /  ***»“>  “ 


1  ?kAk(ea> 
k*l  *  *  * 


rad 

Ci/mi 


(2.13) 


Sisco  llC*t4#t#,tc)  ia  eho  ratio  of  thyroid  inhalation 
dooo  to  radioiodino  concentration,  given  a  knowledge  of  tho  total 
rodioiodiao  concentration  at  a  gives  location,  at  tine  tfi  of tar 
reactor  a but dean,  one  can  project  the  thyroid  inhalation  dooo 
raaultin*  from  aa  axpoaoro  beginning  at  ta  aoconda  after  reactor 
abnedoos,  and  laatiag  for  a  period  of  t#  aeeonda,  by  ainply 
anltiplyiag  lZC(ta,t€,te)  by  the  known  radioiodino 
cooeeatraeian. 
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byniitd  act  haw  at  i  tally, 

D(r,e.,e  )  -  IIC(t,e,t)  •  x(r,e  )  rad.  (2.14) 

I  I  it6  6 

Sinct  IlC(c4>e#,tc)  ia  independent  of  peeition,  chia 
proetdnn  nay  bo  uaad  anywhara  within  eh*  radioactive  plane, 
provided  that  CIm  total  eadioiodioa  concentration  ia  air  ia 
deterainad  at  the  location  for  which  tho  thyroid  inhalation  done  ia 
projected,  and  chat  eh*  taaporal  paraaetera  t^,  e  ,  and  te  art 
known. 

Gains  a  aiailar  not hod,  it  ia  alao  poeaible  to  aacimata 
projaetad  thyroid  inhalation  doaaa  on  tho  baaia  of  anrironaantal 
naaaorawanta  of  cloud  pw  doao  ratoa.  To  do  chia  it  ia  nacaaaary 
to  develop  a  relationahip  between  goraa  doao  ratoa  and  iodina 
concantrationa  in  cha  pluwa  and  than  to  uaa  this  to  dacaraina  tha 
projaetad  thyroid  doao. 

If  tha  gaaaoua  fiaaion  product  concontration  at  a  given 
poaition  ia  eonpoeed  of  If  radioiodinoa  and  H  nob la  gaeee,  chon  tha 
ratio  of  total  iodina  concentration  to  tho  •oai-infinito  cloud  pou 
doaa  rata,  &IGa(e),  ia  given  by 


X(r,e) 

D^(r.t) 


R 

z  A.(t)r. 

i-i  1  1 _ 

*.  K  V'>  % 

k«l 


Cl/n3 
rad/ toe 


KG"(t) 


(2. 


Sine*  eh*  ratio  of  thyroid  inhalation  dooo  eo  radioiodin* 
eoneoncration  in  glow  by  the  footer  lIC(t4,t#,tc) ,  tho 
thyroid  inhalation  dooo 


Btt(r,t  ,t  )  -  (KC(t  ft  (t  )  •  Utf"(t.)]  •  D**(r,t  )  rad.  (2.16) 
i  4  tcc  c  e 

Thao.  If  th*  tin*  that  haa  alapaod  oinca  reactor  ahntdoaa  io 
known,  th*  radioiodin*  thyroid  inhalation  dooa  can  bo  projootod  at  a 
(iron  location  for  an  oapactod  inhalation  period  by  naaooriag  th* 
clood  gonna  dooo  rata  at  that  location  and  by  anltiplyiag  it  by  tha 
•npmaoion  in  paraathaoaa  in  tha  abooa  aquation. 

While  tha  faetera  SIC  and  SIC  aora  *apre***d  ac  fanetiono  of 
radionoelido  cor*  inaoatariaa  and  ralaaa*  fraction*,  in  via*  of 
Bq.  (2.4),  it  ahoald  b*  raeallod  that  thoy  or*  actually  function*  of 
fiaaian  product  ralaaa*  rata*  fro*  tha  eantaianaat.  Sine*  th* 
rolaaa*  rata  of  tho  ktb  radionaelida  fro*  th*  eantaianaat  ia  giaoa 
by  Qk(c'),  tha  factor  SIS,  ia  particular,  can  b*  anproaoad  in 
tamo  of  ralaaa*  ratoa  aa 


KXC(t)  • 


S  Qi<t) 
i-1  1 


(2.17) 
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or,  ia  Uni  of  coaeainaaae  radioiodiaa  aad  oobla  gaa  iavoaeorios,  as 


IXC“(e) 


H 

z  c,(e) 

i-l  1 


■  - 

H'U  y 

0.23  z  r 
k-1 


(2.18) 


vhara  aad  ara  avaluacad  ae  eiaa  c  to  allow  for 
radiological  dacay  daring  eiaa  of  flight. 

Da fining  cha  avaraga  gaaaa  aaargy  ralaaaad  par  disiaeagraeioa 
of  a  radioiodiaa  aeoa  eo  ba 

*  _jr 

r  IJ  q.(e) 

r  0,(0 

i-l  1 

aad  eha  avaraga  gaaaa  coargy  ralaaaad  par  diaiatagraeioa  of  a  nob la 
gaa  aeoa  to  ba 


4<e)  «  J 


M 

£ 

-1 

B" 


£ 

j-1 


Ij  QjCc) 


Qj(t) 
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Sq.  (2. IS)  may  b«  written  aa 


*IC*(t) 


r  Q^t)  *  4 


Il(t>  t  Q4(t)  *  iJLCt)  Z  Q.(t) 
1  i*l  1  "  j-1  J 


Qj<t> 

Q^t) 


(2.19) 


Xq.  (2.19)  illustrates  eha  obvious  fact  that  cbm  ratio  of 
iodine  concentration  to  gnome  doaa  rata  depends  on  the  relative 
raloaaa  rates  of  tha  iodises  and  noble  gases  from  the  reactor 
cone figment  or,  assnming  a  radionuclide  independent  cont ailment 
leakage  rate,  on  their  relative  inventories  in  the  containment . 

Thus,  in  order  to  be  able  to  project  thyroid  inhalation  doses  on  the 
baaie  of  cloud  geama  dose  rates,  it  is  only  necessary  to  know  the 
relative  containment  release  rates  of  radioiodines  sad  noble  gases 
and  not  their  absolute  magnitudes,  furthermore,  since  release  from 
the  containment  would  reduce  the  redioiodiae  and  noble  gas 
inventories  by  tha  same  fractional  amounts.,  their  depletion  by 
leakage  into  the  enviroanant  need  not  be  considered  in  assessing 
their  relative  release  rates. 


D-21 


2.2.3  Finite  Cloud  Correction 

The  above  method  for  projsoting  thyroid  Inhalation  doses  by 
measuring  cloud  gamma  dosa  rataa  uaa  based  an  the  asstaption  that 
tha  aloud  Is  seal -infinite  in  extent.  However,  for  e  particular 
concentration,  the  actual  gimsa  dosa  rate  fron  a  finite  plume  would 
tend  to  be  smaller  than  that  from  an  infinite  cloud.  Thus, 
projections  of  whole  body  gmna  doses  based  on  calculated 
radionuclide  concentrations  in  the  plume  would  tend  to  overestimate 
the  doaes.  Conversely,  projections  of  thyroid  Inhalation  doses 
based  on  measurements  of  gamma  dose  rates  would  tend  to 
underestimate  the  inhalation  doses  beoause  of  reduoed  gaana  dose 
rates. 

The  ratio  of  pen  dose  rate  in  a  finite  cloud  to  the  gums 
dose  rate  in  an  infinite  cloud  having  tha  same  concentration  as  the 
centerline  of  the  finite  cloud  for  0.7  MeV  guana  photons  is  shown  in 
figure  7.1*1  of  reference  (6).  It  depends  only  slightly  on  gamma 
photon  energy  and  say  be  assumed  to  be  valid  for  the  gmama  energy 
speotrta  of  radioiodines  and  noble  gases.  This  ratio  is  plotted  as 
a  function  of  c,  the  standard  deviation  of  the  cloud  concentration 
for  the  cloud  centerline  and  for  location  off  the  cento’line.  For 
a  ground  level  release,  the  value  of  c  can  be  replaced  by  o  average 
which  is  (cy  •  cx)1*.  Figures  3.10  and  3.11  of  reference  (£) 
provide  values  for  cy  and  ag  as  a  function  of  downwind  distance 
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for  tha  Pasquill  stability  elaaaaa  A  through  T.  Tha  resulting 
▼alaaa  for  a  can  ba  used  in  figure  7.14  of  reference  (6)  to 
determine  cha  ratio  of  tha  gaaaa  doaa  rata  in  a  fiaita  cloud  to  tha 
gaaaa  doaa  rata  ia  a  semi-infinite  cloud  for  cha  diffaraae  stability 
elaaaaa  aad  at  diffaraae  downwind  distances. 

This  functional  dependence  can  ba  expraaaed  mathematically  aa 


2—  (o,  x.  n)  ,  (2.20) 

dt 


where: 

dt 

•— s  ■  ratio  of  gamma  doaa  race  tram  a  fiaita  cloud  to  that 
fro*  an  infinite  cloud 

z  “  downwind  distance  of  exposed  location  frou  point  of 

ralaaaa 

TX.  -  atmospheric  stability  class  (A,  B,  C,  D,  E,  or  F) 

®  ■  average  radionuclide  concentration  standard  deviation. 

By  dividing  cha  measured  cloud  gaaesa  dose  rata  by  tha  raeio 

6T  nT* 

.  ■ ■  or  by  anltiplying  it  by  its  inverse,  ,  one  can  compensate 

D™  DT 

for  the  reduced  gamma  dose  rata  from  a  finite  cloud  in  projecting 
radioiodine  thyroid  inhalaeion  doses  based  on  environmental 
measurements  of  gums  dose  rates  in  air. 
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Table  3.1  gives  61m  fission  product  source  Inventory  and 
associated  data  which  waa  used  la  this  Appendix  6a  develop  whole 


body  and  thyroid  Inhalation  dose  projection  methods. 

The  radionuclide  source  terns  are  essentially  the  sane  as  those 

given  in  WASH- 1400,  Appendix  71  (£),  except  for  the  inventories  of 

aetastable  Xe-133n  and  Xe-135m,  which  are  based  on  RSAC  code 

calculations  (8).  They  are  also  in  good  agreenant  with  source  terns 

calculated  by  Anno,  et  al.  (£),  and  represent  the  equilibrium  core 

inventory  of  radioiodines  and  noble  gases  in  a  typical  1,000  MWe 

(3,200  Mtft)  power  reactor.  These  initial  core  inventories  were  used 

to  aalculate  radionuclide  activities  as  a  function  of  tine  according 

to  decay  relationships  presented  in  figure  3.1*  Since  Cs-135  can  be 

regarded  as  stable  (half-life  ■  2.3  x  10®  years),  eleven  decay 
2 

chains  are  of  sufficient  length  to  describe  the  temporal  behavior 
of  radionuclides  listed  in  table  3.1* 


^Eleven  chains  were  used  to  account  for  aultlple  decay 
sodas.  The  fraotlon  of  a  nuclide  In  a  decay  chain  is  determined  by 
the  branching  fraction  for  decay  wituin  that  chain. 


Table  3.1.  ladloaucllde  source  oat» 


Hucllde 

Half-life4 

(hr) 

Tnltlal  Inventory^ 
(108  d> 

Average  Beta  Energy4 
par  01  since gra don 
lt  (HeV) 

Average  Ceaea  Energy4 
per  Disintegration 

IY  (Ha V) 

Kr-85 

9.4  *  IQ4 

0.0056 

0.251 

0.0022 

Kr-85* 

4.48 

0.24 

0.226 

0.18 

Kr-87 

1.27 

0.47 

1.33 

0.79 

Kr-88 

2.8 

0.68 

0.249 

2.2 

Xe-133 

127 

1.7 

0.202 

0.030c 

Ie-133a 

53.5 

0.04 

0.0 

0.020c 

Xe-135 

9.17 

0.34 

0.310 

0.26 

Xe-133* 

0.27 

0.19 

0.0 

0.53 

? 1-131 

193 

0.85 

0.185 

0.39 

1-132 

2.29 

1.2 

0.525 

2.2 

1-133 

20.8 

1.7 

0.417 

0.60 

1-134 

0.877 

1.9 

0.691 

2.6 

1-135 

6.59 

1.5 

0.394 

1.5 

4?rae  cable  VII,  reference  (ID) . 

Naaed  on  references  (7)  sad  (8). 

c Corrected  for  lataraal  conversion  (cable  VI,  reference 
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(10)> 


"I 


as 

a" 

85  (atabla) 


rr8I— 

a" 

farmhla) 

*  **  fatihla) 

mm 

8 

•  ao  viwuioy 

....  aa  a* 

_ 

JLT  "  —  ■ 

i133— 

a" 

^Xa131  (a tab  la) 

i13*— 

a" 

»Zam  (a  tab  la) 

r^ 

<0‘M 

- L - - 

,133. 

IT 

a1— - 5 - aCa133  (atabla) 

a” 

•Xa134  (atabla) 

■a - -  Ca  ~ - S - -  Ba133  (atabla) 


.135  (0.15) 


135 


r 


135 


Kr 


Su*d  on  data  la  rafacaaca  (10). 
IT  ■  laoaarlc  traaaltloa. 
Branching  racloa  la  paraathaaaa. 


Flgura  3.1.  Badloiodlaa  and  nobln  gaa  dacay  chalaa. 
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3*2  Ttarrold  Dose  Conversion  Factors  for  Wadlolodine  Inhalation 


To  use  tbo  thyroid  Inhalation  doaa  projection  aatboda  discussed 
la  saetlon  2.2.2  of  this  Appendix,  it  ia  naoaaaary  to  datarnlaa  the 
appropriate  doaa  conversion  factor*  for  the  individual  radioiodla* 
iaotopaa  which  Bight  b*  praaont  in  air  at  tha  point  of  exposure. 

Tba  thyroid  Inhalation  doaa  eanrarslaa  factor,  DCF^,  baa  baan 
daflnad  to  ba  equal  to  the  Inhalation  doaa  to  tha  thyroid  resulting 
from  tha  axpoaura  to  a  unit  intagratad  activity  in  air  of  tha  kth 
radioiodine  isotope.  It  nay  ba  written  aa 


BH  f 


ak 


DCfJh  >  5.92  X  102 


^  / 


exp{->Ett)dt 


_  „  _ 2  fak 

»  5.92  x  1CT  ■  ™ 

"  AIk 


(3.D 


where: 

DCy^h  a  thyroid  Inhalation  doaa  conversion  factor  for  tha 
kth  iodine  isotope  (rad-a^/Ci-a) 

BK  •  breathing  rata  (a^/s) 

f^  a  fraetlon  of  inhaled  activity  of  tha  kth 

radioiodine  laotope  which  deposits  in  the  thyroid 

a  a  aaaa  of  the  thyroid  (g) 
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»  effective  air|]r  absorbed  ia  the  thyroid  par 
disintegration  of  Cha  kth  radioiodiaa  aeoa 
(MeV/dia) 

3.92  z  102  -  1.6  x  10“*  rad-g/MaV  z  3.7  z  1010  dis/a-Ci 
(rad-g-dia/MeV-e-Ci) 

■  affective  decay  coaaeaae  of  tha  kth  radioiodiaa 

ia  tha  thyroid  (a”*) 

.  °-693  *  °-693 
a  Smt  E%Bk 

ohara: 

Cj^  »  anelaar  half -Ufa  of  tha  kth  radioiodiaa  (a) 

“  biological  half-lifa  ia  tha  thyroid  of  tha  kth 
radioiodiaa  (*). 

3.2.1  Papaadaaca  of  Thyroid  Haaa  aad  Braathlnz  kata  oa  *W 

Siaea  tha  thyroid  aaaa,  aa  wall  aa  aatabolie  activity ,  dapaada 
oa  a  paraoo'a  age,  tha  doaa  eoaveraion  factor  caa  ba  azpactad  to  ba 
a  function  of  ago,  aad,  to  proparly  evaluate  it,  tha  age  dapaedaaca 
of  tha  parameters  Bl,  f>f  Y,  a,  aad  Xg  anat  bo  dataraioed. 

Table  3.2  preaaata  valuaa  of  total  body  aaaa,  thyroid  aaaa,  and 
breathing  rata  as  a  function  of  ago.  All  values  are  based  oa  data 
ia  rafaraace  (11).  Tha  values  of  breathing  rata  are  characteristic 
of  tha  "light  activity"  phase,  vhich  is  greater  thaa  cha  daily 
average  braaehiag  rate,  especially  ia  cha  ease  of  a  newborn.  Tha 
braathiag  rataa  of  cha  3  year  old  aad  13  year  old  were  dacerniaad  by 
graphical  interpolation  oa  cha  basis  of  body  aaaa. 
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id  breathing  rat* 


Tabla 

3.2.  Body  aaa 

as 

is,  thyroid  mss,  and  bi 
a  function  of  aga 

teething  rata 

Aga 

Tears 

Body  Masa 
be 

Thyroid  Hass 
g 

Broaching  Bata 
■3/s 

Newborn 

3.5 

1 

2.5  8-05 

1 

10 

1.8 

6.9  8-05 

5 

19 

3.6 

1.3  B-04U) 

10 

33 

7.4 

2.2  8-04 

15 

*0 

12.1 

3.2  B-04U) 

Adult 

70 

16 

3.3  8-04 

(«> 

Interpolated  on  the  basis  of  body  mbs. 


1 


J 

i 

? 

-v 

3.2.2  0£takeiiofiJnhai<^M£di£iodinei^ntoijhe'aTh2Toid 

Thyroidal  iodino  uptake  is  dependent  to  a  largo  axtaac  oa  cho 
total  iodino  ia  tho  dioc.  Tho  Federation  of  American  Soeiotioa  for 
Sapor iaMntal  Biology  proparod  a  roport  oa  "Iodiao  ia  Foods”  for  tho 
Food  aad  Drug  Administration  (12).  Za  this  roport,  iodino  was  noted 
as  earning  from  diot  with  a  range  of  382  to  454  yg  I/d ay;  aad  from 
tho  atmosphere,  5  to  100  ug  Z/day.  Tho  total  astiaatod  in taka  is 
more  than  twice  tho  r sc  demanded  daily  allowaaeo  of  35  to  150  ug 
Z/day. 

Tho  ro flection  of  variation  in  dietary  intake  of  iodine  in  the 
fractional  optako  of  iodiao  is  well  known  (13,14,15) .  The  of facts 
of  the  changing  dietary  iodine  values  have  been  reflected  in  tho 
24-hour  thyroid  uptake  values  recently  reported  for  iodine-131 
(12,16-22).  The  now  values  reported  include  21.52  t  62  (18), 

12.12  t  6.12  (19),  192  t  82  (20),  15.62  t  4.52  (21),  15.42  t  6.82 
(22),  20.02  i  6.52  (23),  aad  17.42  t  (')  7.22  (24).  Tho  average  of 
these  values  is  17.32  uptake. 

Karhausen,  at  al.  (23),  reviewed  the  reports  ia  the  literature 
aad  compared  the  24-hour  1-131  uptake  values  reported  in  children 
from  birth  to  20  years  of  age  with  their  own  data.  The  results 
support  the  thesis  that  from  birth  to  about  1  year  of  age  there  is  a 
reduction  in  the  thyroid  uptake  value.  Ac  birch,  thyroid  uptake  is 
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from  1.5  ee  2  t  lata  higher  then  the  adult  value,  but  by  1  jeer  of 
age  it  haa  dropped  down  to  about  the  adult  value  (in  Karhausen,  at 
el.  (23),  fraa  *0  to  702  uptake  at  birth  down  to  302  uptake  at  1 
peer  of  age  ead  older).  The  particularly  high  value*  (60-702)  have 
been  obaerved  in  the  firat  few  days  after  birth  (24).  11 'in,  at  el. 

(25),  found  in  their  review  of  the  literature  that  after  2  peers  of 
age  the  thyroid  uptake  value  waa  relatively  eonetent.  Wellman, 
at  el.  (26),  reported  similar  findings. 

0m  the  basis  of  this  literature  survey,  the  fraction  of 
ingested  radioiodine  activity  which  deposits  in  the  thyroid, 
is  assumed  to  be  30  percent  for  individuals  less  then  1  year  old  and 
17  percanc  for  individuals  above  the  age  of  1  year.  Since  this 
value  is  baaed  on  data  for  1-131,  it  should  be  conservative  for  the 
shorter  lived  iodine  isotopes.  If  the  fraction  of  inhaled 
radioiodine  which  reaches  the  thyroid,  f#,  is  aasuned  to  be  75 
percent  of  ftf  (27),  chan  is  equal  to  23  percent  for 
individuals  under  1  year  of^age  ead  13  parcanttar^  individuals  1 
year  old  and  older. 

3.2.3  Effective  Decay  Energies  of  1-131,  1-132,  1-133,  1-134,  and 
t-135  in  faunan  royroid 

nuclei  of  iodine  isotopes  X-131  through  1-135  all  decay  by  the 
cartesian  of  bets  (6)  particles.  In  general,  whan  a  nucleus  emits  a 
beta  particle,  it  is  left  in  an  excited  state  and  sheds  its  excess 
energy  by  either  enitting  s  gaaaa  (Y)  ray  or  by  internally 
converting  an  orbital  electron  (28). 
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Conservatively  a  saiml  ng  that  tha  total  beta  and  electron  on argy 
la  locally  absorbed  la  tbs  thyroid,  the  effective  decay  energy  of 
aaoh  radieauolida  la  tha  stw  of  tha  average  bata  energy >  tha  energy 
of  the  convert ad  and  Auger  alaotrona,  and  tha  fraotioe  of  anittad 
x-ray  and  piaa  ray  energy  which  is  absorbed  locally  la  tha  thyroid. 

Thus,  the  affaetivs  decay  energy 


1  •  V  ‘  l  n  \ 


(3.2) 


where: 

f a  the  average  beta  energy 

8,  a  the  energy  of  the  converted  and  Auger  electrons 

Sv  a  the  energy  of  the  1th  x  or  gaww-ray,  and 

Ti 

♦i  a  the  fraotlon  8  whiofa  1a  locally  absorbed  in  the 
Ti 

thyroid. . 

Far  radionuclides  which  have  complicated  decay  sohaaea, 
rigorous  calculation  of  8  can  baooaM  quite  tedious.  Banos,  an 
approxlaate  aethod  of  calculating  the  effective  decay  energies  of 
1—131  through  1—135  was  developed  which,  at  a  substantial  savings  in 
effort,  yields  values  of  8  which  are  believed  to  be  sufficiently 
accurate  for  accident  dose  calculations. 


D-32 


Tab la  3.1,  ia  section  3.1,  presents  eh*  radioactive  half-lives 
and  average  b«ca  aad  gaaaa  energies  emitted  par  disintegration  bp 
auelal  of  X-131  through  1-133.  Tha  value  of  g^  ia  tabla  3.1  ia  eba 
total  eraaaitioa  energy3  aad  includes  any  iataraal  conversion 
energy  aa  wall  aa  tha  avarafa  game  energy  aaittad  par 
disintegration . 

Xa  radioouelidaa  tmdar  eoaaidaratioa ,  tha  proeaaa  of  iataraal 
conversion  ia  relatively  uniaportaat .  Eaglaad,  at  al.  (10)  (tablaa 
71  aad  7H) ,  iadieata  Chat  ia  1-131  aad  1-135  tha  iataraal 
conversion  energy  (energy  of  ajaetad  alactroaa  aad  aaaoeiatad 
x-rapo)  account*  for  only  0.0104  aad  0.0236  of  tha  total  eraaaitioa 
energy  of  tha  two  radionuclidaa ,  respectively.  Conservatively 
assuming  that  all  of  tha  iataraal  conversion  aaargp  ia  iapartad  to 
ajaetad  alactroaa,  tha  aaargp  of  thasa  alactroaa  would  account  for 
oalp  about  2  pereaat  of  tha  average  1-131  bata  aaargp  aad 
approziaateip  9  percent  of  tha  averaga  1-135  bata  aaargp.  Dillnaa, 
at  al.  (28),  iadieata  that  tha  aua  of  tha  aaargiaa  of  tha  converted 
aad  Anger  alactroaa  aecouata  for  aa  auch  aa  5  pareaat  of  tha  average 
X-131  bata  aaargp  aad  for  about  1  pareaat  of  tha  averaga  1-133  bata 
aaargp.  Coaaidariag  tha  relative  contribution*  of  tha  five  iodiaa 

a 

iaotopaa  ia  a  reactor  grade  iaotopie  aixture  to  eba  thyroid 


^Energy  liberated  ia  eraaaitioa  froa  an  excited  ataea  to  tha 
ground  ataea. 
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Inhalation  dose  (figure  71  13-4,  reference  (£))  and  tha  dacraa  of 

accuracy  required  for  projecting  doses  la  saddest  situatlona. 

iatarnal  conversion  can  olearly  be  neglected  la  calculating  tha 

effective  daoay  energies  of  I- 131  through  1-135  ia  tha  hunan  thyroid 

As  ladloatad  la  Eq.  (3*2),  tha  absorbed  fraction,  ♦,  la  a 

function  of  gaana  photon  energy.  .  However,  as  a  first 

approximation,  ♦  aay  ba  takan  to  ba  a  oonstaat,  equal  to  Its  valua 

at  the  average  photon  anargy,  HL  .  Than,  tha  effective  decay 

Ti 

anargy  Is 

I  •  *fl  ♦  «Y  ,  (3.3) 

share  7  »  4(KV  ),  and  L  i  U. 

1  11 

Values  of  K  for  1—731  through  X-135  are  presented  below  and, 

Ti 

except  for  1-134,  ware  all  takan  frea  table  Z,  reference  (8).  Tha 

value  of  ?Y  for  1—13*  sea  astlaated  fron  decay  data  in  table  1, 

1 

reference  (29) . 

Zodiac  Zsotope  1-131  Z-132  1-133  Z-134  1-135 

S-  (Maf/photon)  0.4  0.79  0.56  0.9  1.5 

'a 
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Value*  of  4  is  a  function  of  individual  *|*  and  iodioo  isotope, 
which  wot*  determined  by  Chi*  method,  or*  presented  la  coblo  3.3. 
Table  3.4  present*  eh*  colenloeed  affective  dioiacegracioa  energies 
of  Cbo  five  iodine  isotopes  in  the  thyroid  ao  *  function  of  age. 

The  accuracy  of  chit  aoehod  of  calculating  effective  decay 
enorgie*  waa  caacad  by  comparing  the  value*  of  7  for  1-131  and 
Z-133f  for  a  five  year  old,  to  value*  of  7  calculated  rigoroualy 
according  to  Sq.  (3.2).  Tha  conversion  process  was  fully 
considered,  decay  does  in  reference  (28)  waa  usod,  and  values  of  f 
as  a  fraction  of  thyroid  aass  and  phoeon  energy  were  obtained  by 
graphical  interpolation  of  data  in  table  22.1,  reference  (30). 

To  within  two  significant  figures,  the  values  of  7  were  found 

to  be  0.20  MsV  and  0.42  for  1-131  and  1-133,  respectively.  The 

differences  are  aainly  das  to  slight  discrepancies  in  decay  energies 

in  references  (10)  and  (28),  and  to  round  off  errors. 

3.2.4  gffective  Decay  Constants  of  Iodine  Isotopes  1-131  through 
in  tks  Fhiesn  Thyroid  as  a  Function  of  Subject  Age 

Table  3.3  shows  tha  age  dependence  of  the  effective  decay 
cons toots  (Xg's)  of  the  five  iodine  isotopes  under  consideration 
in  the  hanan  thyroid.  These  values  were  calculated  using  the 
nuclear  decay  half-lives  in  table  3.1  and  estimates  of  biological 
half-lives  in  reference  (31). 
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Table  3.3.  Absorbed  fractions  (A)  la  the  thyroid 
as  a  function  of  ago  sad  Iodine  Isotope 


Age 

Tears 

Thyroid 

Mass 

S 

Absorbed  Fraction  (A)^  for 

1-131 

£-132 

1-133 

£-134 

£-135 

Newborn 

1 

0.0048 

0.0048 

0.0050 

0.0047 

0.0043 

1 

1.8 

.0060 

.0060 

.0062 

.0059 

.0054 

MB 

l«  ’4*  - 

-s-ic  r 

5 

3.6 

.018 

.017 

.018 

.017 

.015 

10 

7. A 

.025 

.023 

.025 

.023 

.021 

15 

12.1 

.028 

.027 

.028 

.026 

.023 

Adult 

16 

.031 

.029 

.031 

.029 

.026 

(•Jthla  information  was  derived  from  Information  la  table  22.1, 
reference  (30) .  The  absorbed  fraction  for  a  1  gram  thyroid  was  obtained 
by  multiplying  the  value  of  p  for  a  2  gram  thyroid  by  the  ratio  of  cube 
roots  of  tbs  assses.  Values  of  A  for  specific  photon  energies  and 
thyroid  masses  were  obtained  by  either  choosing  the  closest  values 
presented  la  the  refer sac e  or  by  Interpolation. 
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3.2.5  Dependence  of  Thyroid  Dess  Conversion  factor  on  Ja* 

The  age  dependent  thyroid  doM  conversion  factors  for  iodine 
isotopes  1-131  through  1-133  hare  been  calculated  according  to 
Bq.  (3.1)  and  are  presented  in  table  3.6.  The  age  group  which  would 
receive  the  greatest  thyroid  inhalation  dose  Iron  an  exposure  to  a 
given  radioiodine  activity  concentration  in  air  appears  to  be 
coaprised  of  newborn  babies  whose  dose  conversion  factor  is  froa  1.6 
to  2  tines  greater  than  the  dose  conversion  factor  for  adults. 

Table  3.6  also  indicates  that  the  variation  of  the  dose  conversion 
factor  with  age  is  rather  anall,  especially  below  to  the  age  of  10 
years. 

As  in  the  case  of  whole  body  ganaa  dose  calculations,  it  is 
aasuaed  that  the  thyroid  dose  equivalent  in  teas  is  equal  to  the 
absorbed  dose  in  rads. 

4.0  Insults 

Table  4.1  presents  the  coabined  core  and  containaent  inventory, 
Ak(t),  of  noble  gases  and  halogens  as  a  function  of  tine  after 
shutdown.  The  containaent  leakage  rate  is  assumed  to  be  aero,  and 
thus,  the  decrease  of  the  radioiodine  and  noble  gas  inventories  with 
tins  is  doe  only  to  radioactive  decay. 

laaed  on  data  in  table  4.1,  table  4.2  presents  the  ratio  of 
iodine  ta  noble  gas  inventory  in  tbs  contaiaeent  as  a  function  of 
tine  after  shutdown  sad  the  iodine  release  fraction.  Assuming  a 
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Tab la  3.6.  Thyroid  dose  conversion  factor 
aa  a  function  of  age  cad  iodine  isotope 


Inhalation  Dose  Par  Unit  Activity  Exposure, 
rade 

A|e  Ci-eec/a3 


Tears 

1-131 

1-132 

1-133 

1-134 

1-135 

Newborn 

ASO 

22 

150 

U 

45 

1 

430 

19 

130 

9.7 

39 

5 

400 

18 

130 

9.4 

39 

10 

400 

16 

110 

7.7 

33 

15 

380 

14 

93 

7.0 

30 

Adult 

290 

11 

76 

5.6 

23 

Mariana  Age  Group 
Newborn 

450 

22 

150 

U 

45 

Ratio  of 

1.6 

2.0 

2.0 

2.0 

2.0 

Age  Group  co  Adult 
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radionuclide  indep— dent  containaent  leakage  rat*  and  X/Q,  tills 
Mould  also  b*  tb*  ratio  of  iodls*  to  aobl*  gas  ralaaa*  rataa  aad 

4 

concentrations  is  air.  Tb*  ralaaa*  fraotioo  of  aobl*  gas  as  is 
taken  to  b*  equal  to  ou.  Bacaua*  of  thair  slailar  eh— leal 
properti— ,  all  iodia*  laotopas  ar*  assused  to  have  aqual  ralaaa* 
fraotions. 

Tb*  values  la  tabla  4.2  iadieat*  that  tb*  ratio  of  total 
iodln—  to  aobl*  gas—  rariaa  from  approximately  2  at  abutdoun  to  1 
at  12  hours.  At  ao  iodia*  ral— a*  fraotioo  equal  to  0.25, 
corresponding  to  a  design  basis  aocident  (£,£),  tbla  ratio  varies 
froa  approzlaatalr  0.5  to  0.25  over  tb*  12-hour  period  after 

shutdown. 

4.1  Whole  Body  Dose 

Table  4.3  pr— ta  tb*  ratio  of  tb*  saoi-lnfialta  cloud  gamma 
doa*  rat*  to  tb*  aobl*  gaa  concentration  (HGC^)  as  a  function  of 
time  after  shut do—  calculated  la  aooordance  with  tb*  mathods 
praa— tad  in  section  2.2.1  of  tbla  Appendix.  Since  they  ar*  highly 
volatile,  noble  gas—  resulting  froa  da— y  of  tb*  oora  equilibrium 

4 Although  a  particular  iodia*  fraction  — y  b*  released  to 
contains— t,  dapoaltlcn  of  tba  iodia—  —  surfae—  aad  tba  operation 
of  — y  engineered  safeguards  to  raduo*  tba  airboraa  con o— tratlona 
in  oontaiaaent  would  raduo*  tbe  fraction  of  rmdioiodia—  rale— «d  to 
tb*  — vlreoa— t.  These  factors  will  laflu— o*  tba  oorraetlon 
faotora  regarding  tba  Iodine  to  aobl*  gaa  activity  ratio  — 
discussed  later. 


Inventory  of  radioiodines  are  assuaed  to  contribute  to  tbo  noble  gas 
oouroo  torn,  and  tbo  gun  doao  rate  also  inoludoo  a  ooaponont  fron 
lb-66,  which  is  a  daughter  product  of  Xr-88.  Aloe,  tbo  tine  units 
In  IOC*  have  boon  oonvsrtsd  fron  seconds  to  hours. 

II 

Figure  4.T  (figure  5.1  of  Chapter  5)  presents  a  graph  or  the 

projeotsd  whole  body  game  dose  as  a  function  of  gum  dose  rate  In 

air  and  the  projeoted  duration  of  exposure.  Tbo  projeoted  whole 

body  dose  Is  siaply  the  result  of  multiplying  the  gun  dose  rate  In 

air  by  the  projeoted  exposure  duration.  Tbs  projected  exposure 

duration  Is  In  hours,  and  the  gun  dose  rate  Is  In  area/br 

(10-3  rea/br).  The  ordinate  on  tbe  right,  noble  gas  concentration 

In  air,  was  added  by  assuaing  a  gaaaa  dose  rate  to  noble  gas 

oonoentratlcn  ratio  of  3.1  x  10  This  particular  value  was 

Ci/BJ 

calculated  to  correspond  to  radionuclide  mixtures  that  would  exist 
"■ —  et  4.5  hours  after  reaotar  shutdown,  as  Indicated  In  table  4.3.  For 

shutdown  tines  greater  than  4.5  hours,  this  choice  of  BGC“  for 
noble  gases  will  tend  to  overestlaate  the  gaaaa  dose  rate  relative 
to  noble  gas  concentration.  In  instances  of  long  deeay  periods 
where  only  tbe  long  lived  noble  gases  reaaln,  equation  2.7  and  the 
gaaaa  decay  energies  listed  In  table  3.1  Bay  be  used  to  oaloulate 
dose  rate  acre  accurately  than  those  In  figure  4.1. 

4.2  Thvrold  Does 

The  ratio  of  tbe  thyroid  Inhalation  dose  to  the  total 
radlolodlne  oonoentratlon  la  air,  (RIC),  calculated  by  aethoda 
presented  la  section  2.2.2  of  this  Appendix,  Is  given  la  table  4.4 
as  e  function  of  tlae  after  shutdown  et  which  exposure  begins,  t4, 
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and  tha  inhalation  upMart  duration,  t#.  Th«  tins  t^  la  Cba 
sun  of  eba  tine  af Car  shutdown  at  which  ralaaaa  occurs  and  cba  plume 
travel  ciaa.  Tba  pro jacead  exposure  duration  would  ba  dacarainad  bp 
Cba  functional  status  of  cba  engineered  safety  aystaas  or  tba  wind 
diractica  parsiataaca  ae  tha  ciaa  of  tba  accident.  It  is  aasuaad 
that  monitoring  paraoaaal  would  ba  able  to  reach  tba  projected 
azpoaura  point  such  ehae  environmental  measurements  could  ba  takaa 
within  approziaataly  0.3  hours  after  pluaa  arriwal.  A  change  in  tba 
tiae  of  asaauraaane,  tc>  of  0.3  hours  was  found  to  chance  K1C  by 
at  nose  10  pareant  at  t#  equal  to  1  hour  and  by  2  percent  ae  t# 
equal  to  12  hours. 

Table  4.3  presents  eba  values  of  radioiodine  concentration  in 
air  which  would  deliver  a  3  ran  thyroid  inhalation  dose  to  a  newborn 
baby  (critical  age  group)  aa  a  function  of  inhalation  tine  and  siz 
different  etnas  after  shutdown  whan  the  azposura  is  assumed  to  ba 
started.  These  valuas  ware  obtained  by  dividing  3  ran  by  tha  ratio 
of  projected  thyroid  dose  to  rsdioiodiaa  concentration,  BXC,  and  are 
plotted  in  figure  4.2. 

Aa  would  ba  ezpaeead,  tba  concentration  of  radioiodinas 
required  to  deliver  a  3  ran  thyroid  doss  decreases  with  increase  in 
Ciaa  after  sbuedown  since  tha  short-lived  isotopes  decay,  and  only 
tha  long-lived  isotopes  1-131  and  1-133  (with  large  dose  conversion 
factors)  remain  in  tha  radioiodina  Mixture. 
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Given  a  knowledge  of  the  time  efeer  reector  shutdown  ec  which 
expoeure  begine  end  Che  projected  inheletion  period,  figure  4.2  may 
be  used  to  determine  the  redioiodine  concentration  which  would 
deliver  e  3  rem  doee  to  the  thyroid  by  simply  locsting  the  ordinete 
of  the  appropriate  tft  line  at  the  projected  inhalation  time  t#. 

For  any  different  thyroid  doee  the  iodine  concentration  can  be 
sealed  linearly.  For  example,  if  the  plume  arrival  time  at  a  given 
location  were  about  4  hours  and  the  projected  exposure  time  were 
also  4  hours,  the  radioiodine  concentration  which  would  deliver  a  5 
rem  thyroid  inhalation  dose  eo  a  child  would  be  equal  to 
approximately  2  x  10-6  Ci/m3  of  air. 

Figure  4.2  can  also  be  used  to  project  thyroid  doses  besed  on 
radioiodine  concentrations  estimated  from  containment  release  rate 
and  meteorological  conditions  at  the  time  of  the  accident.  However, 
figure  4.2  should  not  be  used  to  project  inhalation  doses  from 
single  iodine  isotopes  because  in  its  derivation  a  five  component 
a^gpfttug^^of  radioiodines  has  been  assumed .  For  that  purpose,  the 
dose  conversion  factors  listed  in  table  3.6  may  be  used  (multiplied 
by  3 . 6  x  103  to  convert  units  of  time  from  seconds  to  hours ) . 
Similarly,  figure  4.2  would  not  be  suitable  for  projecting  thyroid 
dose  if  the  release  occurred  from  a  reactor  that  had  been  shut  down 
for  a  period  such  chat  the  shorter-lived  isotopes  of  iodine  had 
decayed.  In  such  a  ease,  the  dose  conversion  factor  for  iodine-131 
from  table  3.6  would  be  more  appropriate. 
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The  ratio  of  iodiao  concentration  eo  th«  laoi-infinite  cloud 
(nil  dooo  rata  froa  iodiaaa  and  aobla  gaaaa,  RIG-,  which  waa 
diaeuaaad  ia  aaceioo  2.2.2,  ia  presented  ia  table  4.6  aa  a  function 
of  tiaa  after  reactor  shutdown  and  iodine  releaae  fraction.  The 
inereaaa  of  RIG*  with  tiaa  ia  due  to  the  decay  of  the  short-lived 
but  energetic  (in  gaaaa  energy)  Kr-88,  1-132,  and  1-134. 

The  valuaa  in  table  4.6  iadieate  that  the  ratio  of  iodine 
concentration  to  aeai-iafiaite  cloud  gana  doaa  rate  froa  both  noble 
gaaaa  and  iodiaaa  variea  froa  approziaately  6  x  10  at  ahutdown 
to  1.3  x  10  ^  at  12.3  hour* .  For  aa  iodiaa  releaae  fraction  e<{ual 
to  0.23,  thia  ratio  variea  froa  approziaately  4  x  10  to 
9  x  10~*  over  a  12.3  hour  period  after  ahutdown. 

Figure  4.3  praaenta  a  graph  of  projected  thyroid  doaa  aa  a 
function  of  the  projected  tiaa  period  of  expoaure  and  either  the 
radioiodine  concentration  or  the  gaana  doaa  race  in  air.  The 
relationahip  between  thyroid  doaa  end  radioiodine  concentration  waa 
eatabliahed  by  (electing  Che  3  ran  line  froa  figure  4.2  which 
eorreeponda  to  a  4  hour  period  after  reactor  shutdown  at  which 
expoaura  ia  aaataed  to  begin.  Thia  line  waa  chosen  beeauaa  over  an 
inhalation  period  of  12  hours ,  all  the  other  lines  are  within  a  £  33 
percent  range  of  the  4  hour  line.  For  different  thyroid  doses,  the 
iodina  concentration  has  been  sealed  linearly.  For  concentration 
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Iodine  concentration  to  y  dose  rate  ratio  / Cl/e 
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nsasureaents  mad*  last  chan  4  hours  of  cor  rose  cor  shutdown ,  figure 
4.3  will  slightly  overestimate  eho  thyroid  dose;  aad  for 
masureaents  soda  sore  than  4  hours  afear  reactor  shutdown,  Che  dose 

a 

will  ha  underestimated.  Figure  4.4  provides  an  indication  of  the 
error  involved.  The  ordinate  of  this  figure  provides  a  correction 
factor. 

Because  of  shifts  in  wind  direction,  it  is  unlikely  that 
thyroid  inhalation  doses  would  be  projected  for  tine  periods  beyond 
the  range  considered  in  table  4.3.  However,  for  those  instances 
when  that  range  wight  be  exceeded,  the  lines  have  been  extended  from 
0.1  to  30  hours  in  figure  4.3. 

The  adult  thyroid  inhalation  doses  which  have  been  indicated  in 
figure  4.3  have  been  obtained  by  dividing  the  newborn  infant  doses 
by  a  factor  of  two,  in  accordance  with  discussion  in  section  3.2.5 
of  this  Appendix.  The  use  of  the  sane  factor  for  1-131  as  for  Che 
other  iodine  isotopes  (see  cable  3.6)  introduces  an  error  in  the 
adult  dose  of  at  aost  25  percent,  which  is  well  within  Che 
uncertainty  range  of  the  overall  dose  projection  net bod. 

As  discussed  previously,  Che  iodine  release  fraction  would 
depend  on  the  functional  status  of  the  engineered  safety  system, 
and  significant  fractions  of  the  core  inventory  of  rsdioiodines 
would  be  expected  to  be  released  to  the  environmnt  only  in  the  met 
severs  types  of  accidents.  However,  if,  for  the  purpose  of 


ilysis,  a  0.23  iodine  ralaaaa  fraction  la  asswad  ,  than  cable 
4.6  indicate*  that  over  a  time  period  of  12.3  hours  after  reactor 
shutdown  the  ratio  of  iodine  concentration  to  eloud  tanu  doae  rata 


ia  equal  to  6  x  10  £  30  percent 


fci/.3  ) 
\rsm7Er/ 


This  ratio  haa  been 


uaed  to  establish  the  functional  dependence  of  thyroid  inhalation 
doae  on  the  gaama  exposure  rate  ia  air.  ia  urea/hr ,  es  indicated  ia 
figure  4.3. 

Since  the  relationship  between  games  exposure  rate  ia  air  and 
thyroid  inhalation  dose  in  figure  4.3  ia  based  on  the  seai-infiaite 
cloud  assumption,  the  use  of  gaama  exposure  rata  fro*  a  finite  cloud 
to  estimate  thyroid  dose  by  means  of  figure  4.3  will  tend  to 
underestimate  the  thyroid  dose.  To  compensate  for  this  effect,  the 
measured  cloud  (ami  exposure  race  should  be  multiplied  by  the 
finite  pitas  correction  factor  plotted  ia  figure  4.3  before  being 
applied  ia  figure  4.3  to  estimate  projected  thyroid  dose.  This 
factor,  which  has  been  plotted  as  a  function  of  distance  from 
reactor  and  atmospheric  stability  class ,  is  aoij^jto  ratio  of 
gaama  exposure  rate  from  an  infinite  eloud  to  that  from  a  finite 
cloud,  as  discussed  ia  section  2.2.3  of  this  Appendix.  The  finite 
cloud  correction  factor  aey  also  be  uaed  to  reduce  the  whole  body 
gaama  dose  from  a  given  noble  gas  concentration  which  has  b« 


*These  asstaptions  are  ia  agreement  with  AEC  guidance  (4,£) 
on  assumptions  that  nay  be  used  ia  evaluating  the  radiological” 
consequences  of  an  accident  ac  a  light  water  eooled  nuclear  power 
facility. 
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estimated  by  wss  of  figure  4.1.  To  do  this,  tho  estimated  whole 
body  doso  should  bo  divided  by  tho  fiaito  aloud  correction  factor. 
Obriously,  wholo  body  doso  projections  bosod  on  ■easureaents  of 
gaane  ozposuro  rsto  la  sir  should  not  bo  aodifled. 

In  tho  development  of  figure  4.3,  tho  iodine  release  fraction 
mu  assuaod  to  bo  0.25,  and  tho  noble  gas  release  fraction  was 
■earned  to  be  1.0.  This  corresponds  to  an  iodine  to  noble  gas  ratio 
of  about  0.3. 

For  accidents  in  which  tho  iodine  release  fraotloo  or  the 
iodine  to  noble  gas  ratio  is  known  to  be  different  frea  that  which 
has  been  assiaed  in  preparation  ef  figure  4.3,  a  second 
multiplicative  correction  factor  oould  be  used  to  correct  tbe 
thyroid  inhalation  doses  projected  on  the  basis  of  naasureaeats  of 
gaau  dose  rate  in  air  and  figure  4.3.  This  correction  factor  has 
been  plotted  in  figure  4.6  as  a  function  of  tbe  ratio  of  iodine  to 
noble  gas  activities®,  and  has  been  obtained  by  dividing  tbe  ratio 
of  iodine  oonoentration  to  gusoe  dose  rate  at  iodine  release 
fraotloo  equal  to  0.25  by  tbe  ratio  of  iodine  concentration  to  gaaaa 
dose  rate  at  other  iodine  release  fractions.  The  iodine  release 
correction  factor  varies  by  at  aost  25  percent  over  the  12.5  bear 

e 

tlae  period  after  reactor  shutdown,  and  its  value  at  4.5  hours  has 
been  selected  for  figure  4.6. 

®Table  4.2  indiaates  that  over  a  12.5  hour  period  after 
reaotor  shutdown,  tbe  iodine  to  noble  gas  activity  ratio  •  1.3  * 
iodine  release  fraotloe. 


5.0  Aecurac2_ofDoaeaProjeceioBiiMaehoda 

Tba  calculation*!.  aaehoda  that  hava  b««a  praaanead  art  intended 
for  uaa  la  aaeiaaeiag  projected  populatioa  doaa  froa  exposure  co  Cha 
pluaa.  Thaaa  doaa  projactioea  would  ba  aaadad  vary  quickly 
following  collactioa  of  eba  data  oe  which  cba  ealeulacioaa  would  ba 
baaad.  Tharafora,  auaaroua  aaauaptioaa  hava  baaa  aada  eo  raduea  eba 
aaad  for  collactioa  of  diffaraae  eypaa  of  daea,  aad  with  aach 
aaauapcioa,  eba  poeaaeial  exiees  for  iaerodueeioe  of  arror.  Savaral 
corraceioa  factor  eurvaa  hava  baaa  providad  eo  raduea  eba  error  for 
eaaaa  wbara  data  might  ba  available  eo  daearmiae  thaaa  faccora. 

Za  addition  eo  arrora  aaaociated  with  ealculaeioaal 
aaaumpeioaa,  chare  ia  a  poeaaeial  for  major  arrora  ia  cha  daca  uaad 
aa  a  baaia  for  cha  ealeulacioaa.  Boeh  eypaa  of  arrora  are 
eooaidarad. 

5.1  Calculaeioaal^Errors^AaaociacadjrichRaleaaa^SaeeAaataggeioaa 
Ie  haa  baaa  aaaoaed  thae  the  ralaaaa  will  ba  coaciauoua  aad  ae 
a  eoaacaat  race.  Ho  ealculaeioaal  arror  would  raault  froa  ehia 
aaawpcion  if  eba  ralaaaa  actually  occurred  ia  ehia  aaaaar. 

However,  there  are  aa  iafiaiee  number  of  ralaaaa  race 
eharaceariacica  that  could  occur.  Tbia  iaeroducaa  a  poeaaeial  arror 
ia  eha  iapue  data  wfaieh  will  be  diacuaaed  later. 
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concentration  Hiiurntati  or  calculations .  However,  by  appropriate 
ua«  of  correction  fact ora  provided  in  figures  4.4,  4.5,  and  4.6,  on* 
could  estimate  expoaure  rata  froa  groas  concancraeion  data.  Tha 
error  aasociacad  with  eha  calculaeioaa  would  ba  primarily  associacad 
with  eha  accuracy  of  eha  data  used  eo  obtain  eorraeeion  faetora  and 
not  with  assumptions  regarding  mixtures  of  iodinea  and  nobla  gaaaa 
in  the  release . 

An  additional  eonaidaraeion  for  whole  body  doaa  would  ba  tha 
contribution  froa  particulate  materials.  Baaed  on  intonation  in 
reference  (32),  airborne  particulaee  materials  would  contribute 
about  20  percent  of  eha  external  doaa  from  tha  plume  with  eha 
remaining  being  contributed  by  iodines  and  nobla  gaaaa.  This  could 
cause  the  whole  body  doaa  projections  baaed  on  concentrations  of 
iodines  and  nobla  gases  in  air  to  ba  about  20  percent  low. 

3.2.2  Errors  in  Thyroid  Doaa 

Two  methods  of  projecting  thyroid  inhalation  dose  are 
provided .  One  method  uses  gross  iodine  concentration  as  a  basis, 
and  the  other  uses  gaama  exposure  race  data  as  a  basis. 

The  relative  abundance  of  the  different  isotopes  of  iodine 
changes  as  s  function  of  time  after  shutdown  which  changes  the  dose 
conversion  factor.  Xf  the  correction  factor  curves  are  used  to 
correct  this  error,  there  should  not  be  significant  error  associated 
with  changing  characteristics  due  to  decay  of  shorflived  isotopes 


prior  to  stare  of  exposure.  However ,  a  gap  ralaasa  as  apposed  to  a 
cor*  sale  ralaasa  could  causa  tha  iodiaa  six  to  have  a  ralativa 
coucaatratiou  of  iodiaa-131  highar  than  aaausMd  dua  to  tha  decay  of 
short- livad  isotopas  during  tha  proeass  of  laaching  from  tha  fual 
pallaes  to  tha  gaps.  This  could  causa  thyroid  doaa  projections  from 
gap  ralaasaa  to  ba  underestimated  by  a  maximum  of  about  30  percent. 

Tha  use  of  gaassa  exposure  rata  measurements  to  project  thyroid 
dosa  requires  assumptions  regarding  the  characteristics  of  tha 
release,  and  if  ehe  characteristics  era  different  than  assumed,  tha 
resulting  doaa  estiaaeas  could  include  large  errors.  This  would  not 
ba  tha  preferred  data  base  for  estimating  thyroid  dosa  but  could  ba 
used  if  iodine  concentration  data  ware  not  available.  To  reduce  the 
error  involved,  correction  factor  charts  for  isotopic  composition 
hava  bean  included  as  figures  4.>'  md  4.6.  If  data  are  evailable  to 
permit  determination  of  these  correction  factors,  tha  only 
significant  errors  should  ha  a  possible  30  percent  underestimate 
associated  with  s  gap  ralaaaa  as  discussed  above  and  a  possible  20 
percent  overestimate  from  particulate  material  contribution  to  ganaa 
exposure  rata. 

5.3  Errorai_Aaaociacedj»ith_In£uc_^ata 

Data  will  be  collected  under  pressure  of  emergency  conditions, 
and  the  associated  errors  may  saver* ly  affect  the  accuracy  of  dose 
projection.  Errors  caused  by  inaccurate  data  relating  to  (1) 
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environmental  level*  ee  a  function  of  time,  (2)  the  duration  of 
exposure ,  or  (3)  the  radiological  eharactariatiea  of  the  release 
could  seriously  affect  ehe  dose  projection  results.  Additional 
errors  can  be  associated  with  information  on  wind speed  and 
direction,  ataospheric  stability,  precipitation,  and  with 
interpretation  of  instruaentation  readings. 

3.3.1  DurationojMbrgosure 

To  project  doae  based  on  concentrations  or  exposure  rates,  it 
is  always  necessary  to  know  the  duration  of  exposure.  It  has  been 
assumed  for  purposes  of  these  calculations  that  this  parameter  will 
be  known,  when  in  fact  the  duration  might  range  froa  a  value  of  aero 
due  to  errors  in  wind  direction  data  or  to  a  value  equal  to  the 
duration  of  release  if  wind  direction  is  persistent  in  the  predicted 
direction.  The  resulting  error  in  the  projected  dose  could  be 
either  positive  or  negative  and  would  be  proportional  to  the  error 
in  the  estimated  duration  except  as  affected  by  the  changes  in 
concentration  as  a  function  of  time.  It  is  not  possible  to  put 
bounds  on  this  source  of  error. 

3.3.2  EtTorsinRsleaseRatsData 

The  release  rate  could  have  many  different  characteristics  due 
to  pressure  transients  eaused  by  changes  in  the  core  conditions, 
operstion  of  engineered  safeguards,  or  changes  in  containment 
integrity.  These  conditions  could  introduce  one  or  more  orders  of 
magnitude  errors  in  the  projected  dose  depending  on  whether  the  data 
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farming  eh*  basis  for  dose  projection  vara  obtained  from  a  high  or 
low  point  in  eha  transient.  This  error  could  be  reduced  by  frequent 
updating  of  data. 

5.3.3  Errors  in  Data  on  Release  Characteristics 

If  gaaam  dose  rates  are  used  to  estimate  projected  thyroid 
inhalation  doses,  correction  factor  curves  are  provided  which 
utilize  the  relative  asmmnts  of  iodines  and  noble  gases  in  the 
release.  If  the  data  are  not  available  to  permit  use  of  these 
correction  factors,  errors  could  be  introduced  in  projected  thyroid 
doses  ranging  from  a  factor  of  2  too  low  to  a  factor  of  100  or  more 
too  high* 

5.3.4  Errors  in  Environmental  Measurements  and  Information 

Environmental  information  would  include  gamma  -adiation 

exposure  rate,  airborne  concentrations  of  radioactive  material, 
atmospheric  stability  class,  vindapeed,  and  predicted  meteorological 
conditions . 

Measurements  of  exposure  rates  and  concentrations  would  be 
representative  of  a  particular  location  at  a  particular  time,  and 
they  may  not  represent  either  the  average  or  maximum  conditions  at 
that  location.  Levels  at  a  particular  location  will  change  as  a 
function  of  time  depending  on  vind  direction  stability,  localized 
dispersion  conditions,  and  fluctuations  in  release  rata.  Ho  limits 
can  be  assigned  to  the  errors  associated  with  sur.h  measurements,  but 
they  could  eeaily  vary  over  1  or  more  orders  of  magnitude. 
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5.4  Summary 

A  sunary  of  tha  potential  errors  associated  with  dose 
projection  aethods  presented  here  is  provided  in  table  S.l.  The 
potential  error  factors  are  values  that  could  be  divided  into  the 
calculated  dose  to  get  Che  true  dose.  Due  to  the  many  unknowns 
associated  with  input  data  and  information,  it  is  not  possible  to 
assign  lisiits  to  the  potential  errors.  However,  it  is  apparent  that 
Che  potential  errors  associated  with  inaccurate  input  data  overwhelm 
those  associated  with  calculational  aasunpcioaa,  and  therefore, 
further  refinement  of  as s tap t ions  does  not  appear  to  be  necessary. 
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Table  5.1*  Estimated  errors  associated  with  dose  calculation  methods 


Calcalational  Assumptions 


Input  Data 


Whole  body  dose  rate 
equals  exposure  rate 

Whole  body  dose  rate 
from  noble  gas 
concentration  Is  not  a 
function  of  the  mixture 
over  a  1  to  12  far  period 

Whole  body  dose  rate 
from  mixture  of  noble 
gases  and  iodines  is  not 
influenced  by 
particulates  in  the 
plume 

Thyroid  dose  will  not 
be  influenced  by  a 
concentration  enriched 
In  1-131 


Potential 

Error 

Paotor 

Type  of  Data 

1.33 

Duration  of  exposure 
estimates 

tO.  6* 

Release  rata 

Release  characteristics 

1  to  0.8 

Environmental 
measurements  and 
information 

1  to  0.7 

unknown 


0.1  to  10 
more  or  less 

.5  to  100 
more  or  less 

0.01  to  100 
more  or  less 


REFERENCES 


U)  INTERNATIONAL  COMMISSION  ON  RADIATION  UNITS  AND  MEASUREMENTS. 

“  ZCSU  Report  19.  Radiation  Quancitiss  and  Units.  Intarnational 
emission  on  Radiation  Units  and  Measurements ,  Washington, 

D.C.  20014  (July  1,  1971). 

(2)  RICHARDSON,  A.  C.  B.  "Tba  Historic  Development  of  Concepts  of 

—  Radiation  Doss  Conitment.”  Environmental  Protaction  Agsncy , 
Office  of  Radiation  Programs,  Washington,  D.C.  20460. 

Published  in  ths  Proceedings  of  the  Eighth  Midyear  Topical 
Symposium  of  the  Health  Physics  Society  (October  1974). 

(3)  O.S.  ENVIRONMENTAL  PROTECTION  AGENCY.  40  CTR  190, 

—  Environmental  Radiation  Protection  Requirement*  for  Normal 
Operations  of  Activities  in  the  Uranium  fuel  Cycle,  Pinal 
Environmental  Statement.  Environmental  Protection  Agency, 
Office  of  Radiation  Programs,  Washington,  D.C.  20460 
(November  1976). 

(4)  O.S.  ATONIC  ENERGY  COMMISSION.  Regulatory  Guide  1.3. 

—  Assumption*  Used  for  Evaluating  the  Potential  Radiological 
Consequences  of  a  Loss  of  Coolant  Accident  for  Boiling  Water 
Reactors.  Directorate  of  Regulatory  Standards,  Nuclear 
Regulatory  Coomission,  Washington,  D.C.  20555  (June  1973). 

(5)  U.S.  ATONIC  ENERGY  COMMISSION.  Regulatory  Guide  1.4. 

""  Assumptions  Used  for  Evaluating  the  Potential  Radiological 
Consequences  of  a  Loss  of  Coolant  Accident  for  Pressurised 
Water  Reactors.  Directorate  of  Regulatory  Standards,  Nuclear 
Regulatory  Coam i.asion.  Washington,  D.C.  20555  (June  1973). 

(£)  D.  SLADE,  ed.  "Meteorology  and  Atomic  Energy  -  1968,”  U.S.  AEC 

—  Report  TIN- 24190.  Environmental  Science  Services 
Administration,  Air  Resources  Labs  (July  1968). 

(7)  U.S.  NUCLEAR  REGULATORY  COMMISSION.  Reactor  Safety  Study:  An 

~  Assessment  of  Accident  Risks  in  U.S.  Conor eial  Nuclear  Power 
Plants,  WASH-1400  (NUREG- 75/014),  Appendix  VI,  Calculation  of 
Reactor  Accident  Consequences.  Nuclear  Ragulatory  Commisaion, 
Washington,  D.C.  20555  (October  1975). 

(£)  RICHARDSON,  L.  C.  "User's  Manual  for  the  Fortran  Version  of 
RSAC  -  a  Radiological  Safety  Analysis  Computer  Program,” 
IDO-17261,  AEC  Research  and  Development  Report,  Mathematics  and 
Computers,  Health  and  Safety,  TID-4500  (June  1968). 


D-69 


(9)  into,  G.  H.  AND  M,  A.  DORS.  The  Effectiveness  of  Shalcariag  u 

“  a  Protective  Maaaura  Again* c  Nuclear  Accidents  Involving 

Gaseous  Ealaaaaa.  Pacific-Sierra  Raaaarcta  Corporation, 
praparad  for  eba  U.S.  Environmental  Protaction  Agency,  Contract 
Ho.  68-01-3223  (December  1973). 

(10)  ENGLAND,  T.  E.  AID  1.  E.  SCHENTER.  "ENDF/B-IV  Fiaaion-Product 
“  Filas:  Suamary  of  Major  taclida  Data,"  Los  Alaos  Scientific 

Laboratory  of  tha  Onivarsity  of  California,  National  Technical 
Information  Service.  Springfield,  Virginia  22131 
(October  1973). 

(11)  INTERNATIONAL  COMIX SSXOM  at  RADIOLOGICAL  PROTECTION.  "Report 
of  the  Teak  Group  on  taferanca  Man,"  ICR?  Publication  23, 
Pergamon  Prasa,  New  Tork  (1973). 

(12)  FISHER,  R.  0.  AND  C.  J.  CARR.  "Iodine  in  Foods;  Chemical 
Methodology  and  Sources  of  Iodine  in  tha  Hunan  Diet.”  Contract 
Mo.  FDA  71-294  praparad  for  Division  of  Nutrition,  Bureau  of 
Fooda,  FDA.  Federation  of  American  Societies  of  Experimental 
Biology,  Bathasda,  Maryland  (1974), 

(13)  BERSCN,  S.  A.  "Fathunys  of  Iodina  Metabolism,"  American 
Journal  of  Medicine,  20:633-468  (1936). 

(14)  ODD II,  T.  H.,  D.  A.  FISHER,  W.  M.  McCONAHET,  AND  C.  S.  THOMPSON. 
"Iodina  Intake  in  the  United  States:  A  Reassessment ,  J.  Clin. 
Endocrinol,  30:639-665  (1970). 

(15)  GRATSON,  R.  R.  "Factors  Which  Influence  the  Radioactive  Iodine 
Thyroid  Uptake  Test,"  American  Journal  of  Medicine,  28:397-415 
(1960). 

(16)  BLUM,  M.  AND  R.  CHANDRA.  "Lower  Normal  Values  for  131I 
Thyroid  Uptake  Not  Related  to  tha  Ingestion  of  Whits  Bread," 
Journal  of  Nuclear  Medicine,  LZ.-743-745  (1970).. 

(17)  CAPLAN,  R.  H.  AND  R.  KUJAE.  "Thyroid  Uptake  of  Radioactive 
Iodine:  A  Reevaluation,”  J.  American  Medicine  Association, 
215:916-918  (1971). 

(18)  ALAZRAEI,  N.  ?.,  S.  E.  HALPERN,  AND  W.  L.  ASHBURN.  "A 
Raevaluation  of  ^1  Thyroid  Uptake,"  Radiol.  105:611-614 
(1972). 


D-70 


(19)  Bernard,  j.  o.,  a.  a.  McDonald,  and  b.  a.  nesmith.  "New  Normal 
” *  Ranges  for  the  Radioiodine  Uptake  Study,"  Journal  of  Nuclear 

Medicine ,  11:449-451  (1970). 

(20)  PITTMAN,  J.  A.,  J*.,  6.  B.  QAXLK7,  ZZX,  AND  R.  J.  BESCBZ. 

”  "Changing  Normal  Valuas  for  Thyroidal  Radioiodia*  Uptake," 

Row  Saglaad  Journal  of  Madicine,  280:1431-1434  (1969). 

(Zl)  GgAHREMAKI,  G.  G. ,  P.  B.  B07PZR,  B.  B.  OPPENHEZM,  AND 
”  A.  COTTSCHA1X.  "Row  Normal  Values  for  Thyroid  Opeaka  of 

Radioactive  Zodino,"  Journal  of  American  Modieal  Aasoeiation, 
217:337-339  (1971). 

(22)  HARVEY,  H.  C.,  0.  T.  K0FP,  AND  W.  V.  B0VTZ.  "Turthor 
Observations  on  tha  Normal  Radioactive  Xodino  Optaka,"  Journal 
of  Nuelaar  Madicina,  13:548-550  (1972). 

(23)  XaRBAOSER,  L. ,  at  al.  "Xodina  Mataboliam  in  Childran  and 
Adolaaconts  in  an  Araa  of  tha  Community,"  ABC-tr-7481, 

O.S.  Atomic  Energy  Cooaiaaion,  Office  of  Information  Services 
(1974). 

(24)  FISHER,  D.  A.,  T.  B.  ODD ZB,  AND  J.  C.  BURROUGHS.  "Thyroidal 
Radioiodina  Optaka  Rata  Maaauramant  in  Infanta,"  American 
Journal  Diaaaaea  of  Childran,  103:42-53  (1962). 

(25)  ZL’nf,  L.  A.,  6.  V-  ARZHANGSL ' SXATA,  TO.  0.  KONSTANTINOV,  AND 
Z.  A.  LXXBIAREV.  "Radioactive  Iodine  in  tha  Problem  of 
Radiation  Safety,”  Atomizdat,  Moacow,  1972,  AEC-tr-7536, 

O.S.  Atomic  Energy  Ccmmiaaion,  Office  of  Information  Sarvieaa 
(1974). 

(26)  WELLMAN,  H.  H. ,  J.  0.  KERB  LAKES,  AND  B.  M.  BRANSON.  "Total- 
end  Partial-Body  Counting  of  Childran  for  Radiopharmaceutical 
Doaimatry  Data,"  pp.  133-156  in  Mad i cal  Radiomuclidaa  Radiation 
Doee  and  Effecta,  R.  J.  Cloutier,  C.  L.  Edwarde,  and 

W.  S.  Snyder,  editora,  ABC  Sympoaium  Sariea  #20,  O.S.  Atoeu.c 
Energy  Commiaaion,  Diviaion  of  Tachnieal  Information  (1970). 

(27)  INTERNATIORAL  COMMISSION  Of  RADIOLOGICAL  PROTECTION.  "Report 
~ ”  of  Committee  II  on  Parmiaaibla  Doaa  for  Internal  Radiation," 

ZCXP  Publication  2,  Pergamon  Preaa,  New  Tork  (1959). 

(28)  . iLXMAH,  L.  T.  AND  P.  C.  VON  DER  LACE.  "Radionuclide  Decay 
Schama  and  Nuclear  Parameters  for  Oaa  in  Radiatioo-Doae 
Estimation,"  MUD  Pamphlet  No.  10.  Society  of  Nuelaar  Medicine 
(September  1975). 


D-71 


(29)  n.3.  DEPARTMENT  OF  HEALTH,  EDOCATIOR  AHD  WELFARE. 

“  "Radiological  Health  Handbook."  O.S.  Public  Health  Service 
(January  1970). 

(30)  TOBO,  M.  E.  ARO  W.  S.  SRTSER.  "Variation  of  Abeorbod  Fraction 
with  Shape  and  Siza  of  the  Thyroid,"  Health  Phyaica  Diviaio n 
Annual  Frograsa  Report  for  Period  Ending  July  31,  1973. 

Oak  Ridge  Rational  Laboratory,  0EHL-5046  (September  1973). 

(31_)  O.S.  ENVIRONMENTAL  PR0TECTIOR  AGENCT.  "Environmental  Analysis 
of  the  Uranium  Fuel  Cycle,  Part  IT  -  Nuclear  Power  Reactors." 
Office  of  Radiation  Programs,  O.S.  Environmental  Protection 
Agency  (November  1973). 

(32)  WALL,  t.  B.,  at  al .  "Overview  of  the  Raaetor  Safety  Study 
Consequence  Modal,"  NURXC-0340.  O.S.  Nuclear  Regulatory 
Coaaiasian,  Washington,  O.C.  20333  (October  1977). 


0-72 


mm  o wnm  •  x m  Mtvit* 


